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NASA’s Performance and Accountability Report

The National Aeronautics and Space Administration (NASA) produces an annual Performance and Accountability
Report (PAR) to share the Agency’s progress toward achieving its Strategic Goals with the American people. In addition
to performance information, the PAR also presents the Agency’s financial statements as well as NASA's management
challenges and the plans and efforts to overcome them.

NASA's Fiscal Year (FY) 2010 PAR satisfies many U.S. government reporting requirements including the Government
Performance and Results Act of 1993, the Chief Financial Officers Act of 1990, and the Federal Financial Management
Improvement Act of 1996.

NASA's FY 2010 PAR contains the following sections:

Management’s Discussion and Analysis

The Management’s Discussion and Analysis (MD&A) section highlights NASA's overall performance; including pro-
grammatic, financial, and management activities. The MD&A includes a description of NASA’s organizational structure
and describes the Agency’s performance management system and management controls (i.e., values, policies, and
procedures) that help program and financial managers achieve results and safeguard the integrity of NASA's programs.

Detailed Performance

The Detailed Performance section provides more in-depth information on NASA’s progress toward achieving mile-
stones and goals as defined in the Agency’s Strategic Plan and NASA's FY 2010 Performance Plan Update. It also
includes plans for correcting performance measures that NASA did not achieve in FY 2010 and an update on the mea-
sures that NASA did not complete in FY 2009.

Financials

The Financials section includes the Agency’s financial statements, the audit results submitted by independent
accountants in accordance with government auditing standards, and Agency responses to the audit findings.

Other Accompanying Information

The Other Accompanying Information (OAl) section includes the Inspector General’'s statement on NASA's manage-
ment and performance challenges, the status of the Agency’s follow-up actions on the Inspector General’s audits, an
Improper Payments Information Act assessment, a summary of the financial statement audit and management assur-
ances, and NASA's Missions at a Glance, which provides more details about NASA flight missions mentioned in the
PAR.

NASA's PAR is produced by the Office of the Chief Financial Officer’s Strategic Investments Division, with contract
support by The Tauri Group. If you have questions about NASA's PAR, please email hg-dl-parteam@mail.nasa.gov.

This document is available online at http.//www.nasa.gov/news/budget/index.htmi.

Cover: On September 7, 2010, the International Space Station Expedition 24 crew took this photo of high-oblique view of the
Gaspe Peninsula and Anticosti Island with sun glint on the Gulf of St. Lawrence and Chaleur Bay, Canada. (Credit: NASA)
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Message from
the Administrator

November 15, 2010

| am pleased to present NASA's FY 2010 Performance and Accountability
Report (PAR). This report documents NASA's progress toward achieving
the challenging mission of space exploration, scientific discovery, and
aeronautics research as outlined in our Strategic Plan. Further, the
performance and financial information presented in this report highlights our
efforts to manage taxpayer dollars responsibly, while adhering to NASA’s
core values of Safety, Integrity, Teamwork, and Excellence.

We are proud of all of our accomplishments this year, and specific
information is highlighted and discussed in the Detailed Performance
Section of this report. However, | would like to mention a few of our specific
accomplishments. We had four successful Space Shuttle launches to
the International Space Station (ISS) since last November, to complete
its construction and outfit it as a scientific facility like no other. The 10th
anniversary of humans aboard the station was a true milestone, and we're
entering an era where it will reach its true potential as an orbiting laboratory.
Likewise, we were pleased to recognize the 20th anniversary of the launching of the Hubble Space Telescope and to
begin seeing new results from the instruments with which it was outfitted on last year’s servicing mission. This year,
we also marked the 50th anniversary of weather observations from space—a year in which our Earth-observing
satellites were also helpful in assessing the status on the ground after disasters such as the Haiti earthquake and
the Gulf oil spill. Most recently, a NASA team assisted the Chilean government, through the U. S. Department of
State, to provide technical advice that assisted the trapped miners at the San Jose gold and copper mine.

NASA launched the following science missions: Widefield Infrared Survey Explorer (WISE); Solar Dynamics
Observatory (SDO); and Geostationary Operational Environmental Satellite (GOES). WISE will scan the entire sky
to uncover objects never seen before, helping to answer fundamental questions about the origins of planets, stars,
and galaxies. SDO began sending back amazing images of the sun that will help us understand our neighbor
and its effects on our planet and our communications systems. In September 2010, the latest Geostationary
Operational Environmental Satellite, GOES-15 (also known as GOES-P), was accepted into service. It is designed
to watch for storm development and weather conditions on Earth, relay communications, provide search-and-
rescue support, and also provide additional capacity for our Nations’ weather observing system.

Exploration Systems successfully tested the Ares 1-X for a two-minute powered flight. Results from this test will
be helpful in developing the next generation of American spaceflight vehicles that could take humans beyond low-
Earth orbit. Our Lunar Reconnaissance Orbiter helped us map the Moon and transform our understanding of it.
Aeronautics completed the first phase of the X48-B Low Speed Flight Test Program of a Hybrid wing body aircraft,
which is intended to reduce environmental impacts associated with aviation. NASA engineers and scientists tested
new rocket motors, moved forward on aviation technologies to make air travel safer and cleaner, and worked with
students around the country to help widen the pipeline of future leaders.
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In June 2010, NASA launched its Summer of Innovation program, in support of the President’s Educate to
Innovate campaign for excellence in science, technology, engineering, and mathematics (STEM) education. Our
first round of activities gave students in Wyoming, Idaho, Massachusetts, and New Mexico hands-on experience
with space missions and science experiments. In FY 2011, we will continue to expand this important work to help
develop students’ interest in the core STEM disciplines. In addition, NASA awarded cooperative agreements to
organizations across the United States to enhance learning through the use of NASA's Earth Science resources. The
selected organizations include colleges and universities, nonprofit groups, and community college representatives.

As Administrator, one of my key responsibilities defined in the Space Act of 1958 (as amended) is to “provide for
the widest practicable and appropriate dissemination of information concerning (NASA's) activities and the results
thereof.” As such, NASA embraces the White House’s Open Government initiative calling on executive branch
agencies to become more open and accountable. From making our open source software development more
collaborative to creating a cloud computing platform, or making our social networks easily accessible and conducive
to interaction, NASA is taking many steps to implement this openness in all of its activities. Also worthy of note is
NASA's successful initiative to fund, track, and report on its accomplishment toward the goals and objectives of the
American Recovery and Reinvestment Act (Recovery Act). NASA received $1,050 million of Recovery Act funding
in fiscal year 2009 ($1,002 million Direct Appropriation and $48 million Reimbursable Authority), all of which has
been obligated on projects to support the Nation’s economic recovery and advance NASA's research mission. The
Agency received an additional $4 million in Recovery Act Reimbursable Authority in FY 2010.

Although NASA was unable to achieve the Agency’s Strategic Goal to retire the Space Shuttle by the end of
FY 2010, the Agency plans to retire the Space Shuttle within the next year. Despite a year of transition and
uncertainty, on September 29, 2010, the United States Congress voted resoundingly to endorse a clear path
forward for NASA. Drawing on the ambitious plan for our Agency laid out by President Barack Obama, the
Congress approved the National Aeronautics and Space Administration Authorization Act of 2010, which was
signed by the President on October 11, 2010. This Act helps put the U.S. space program on a more sustainable
trajectory that will lead to greater technological capabilities for our Nation, a new commercial space transportation
industry, deeper international partnerships, and missions that will help inspire a new generation of Americans.
With this new direction, we will also extend the life of the ISS, expand our investments in green aviation, Earth
observation and education, and work to create thousands of new jobs in a vibrant, forward-looking economy.

NASA makes every effort to ensure that performance data are subject to the same attention to detail as is
devoted to our scientific and technical research. With this in mind, | can provide reasonable assurance that the
performance data in this report are reliable and complete. Any data limitations are documented explicitly in the
report.

In addition, NASA accepts the responsibility of accounting for and reporting on its financial activities. During
FY 2010, NASA resolved the one remaining prior year internal control material weakness. The successful resolution
of the prior year material weakness— Controls over Legacy Property, Plant, and Equipment related to valuation of
legacy assets—is a result of extensive management involvement across the Agency. This achievement resulted
from a sound system of financial controls and adherence to our Comprehensive Compliance Strategy and our
Continuous Monitoring Program. In addition, we are now in compliance with the Federal Financial Management
Improvement Act. Based on the results of this year’s efforts, | am able to provide reasonable assurance that this
report’s financial data are reliable and complete.

My goal and focus, as NASA Administrator, is to continue to foster NASA as an exceptional resource for this
Nation while keeping a sharp eye on our core values. We must always strive to find innovative ways to use NASA's
missions to enhance our Nation’s educational, scientific, and technological capacity.

el o

Charles F. Bolden, Jr.
Administrator
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Credit: NASA

A team of NASA- and National Science Foundation-sponsored researchers announced the
discovery of a planet three times the mass of Earth orbiting a nearby star. Named GJ 581g, this
discovery was the result of more than a decade of observations using the W. M. Keck Observatory
in Hawaii, one of the world’s largest optical telescopes. The researchers believe the planet is in an
area where liquid water could possibly exist on the planet’s surface. If confirmed, this new planet
would be the most Earth-like planet discovered beyond the solar system.

The above artist’s concept shows the inner four planets of the Gliese 581 system and their host
star, a red dwarf star, only 20 light years away from Earth. The large planet in the foreground is the
newly discovered GJ 581g.

For more on this story go to http://www.nasa.gov/topics/universe/features/gliese_581_feature.
html.
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NASA’s Mission
="
National Aeronautics and Space Administration (NASA) was created by the National Aeronautics and Space
Act of 1958. The Agency was created to provide for research into problems of flight within and outside the Earth’s

atmosphere and to ensure that the United States conducts activities in space devoted to peaceful purposes for
the benefit of mankind.

NASA’s Mission Statement

To pioneer the future in space exploration, scientific discovery,
and aeronautics research.

NASA’s Organization

NASA is comprised of Headquarters in Washington, DC, nine Centers located around the country, and the Jet
Propulsion Laboratory, a Federally Funded Research and Development Center (FFRDC) operated under a contract
with the California Institute of Technology. In addition, NASA partners with academia, the private sector, state and
local governments, other Federal agencies, and a number of international organizations, to create an extended
NASA family of civil servants, contractors, allied partners, and stakeholders.

Photo above: NASA astronaut Clayton Anderson, STS-131 mission specialist, participates in the mission’s first session of space-
walks on April 9, 2010, as construction and maintenance continue on the International Space Station. Reflected in his helmet is
Rick Mastracchio, mission specialist, who helped him move a new 1,700-pound ammonia tank from Space Shuttle Discovery’s
cargo bay to a temporary parking place on the station, retrieve an experiment from the Japanese Kibo Laboratory exposed facility,
and replace a Rate Gyro Assembly on one of the truss segments. (Credit: NASA)
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NASA Centers and Other Facilities

Glenn Research Center (GRC)

and NASA Safety Center, .

Cleveland, OH . L__ Goddard Space Flight Center (GSFC),
Ames Research Center (ARC), . i 5 - Greenbelt, MD
Moffett Field, CA ~ ¥ v . -

Dryden Flight Research
Center (DFRC),
Edwards, CA =

™ Langley Research Center
t Propulsion L L (LaRC) and NASA
:’Zsag;:sg: 2o . Engineering Safety Center,
d 2 Hampton, VA

Kennedy Space Center (KSC)
® and Ground Network,
Kennedy Space Center, FL

Johnson Space Center (JSC),
Houston, TX

Stennis Space Center (SSC)

and NASA Shared Services Center (NSSC),
Stennis Space Center, MS Marshall Space Flight Center (MSFC),

Huntsville, AL

*The Jet Propulsion Laboratory is a FFRDC, NASA-owned and managed under the terms of a contract with the California Institute of
Technology. The workforce are employees of the California Institute of Technology.

Other NASA facilities include: 1) Plum Brook Station, Sandusky, OH, managed by GRC; 2) Software Independent Verification and Valida-
tion Facility, Fairmont, WV, managed by GSFC; 3) Goddard Institute for Space Studies, New York, NY, managed by GSFC; 4) Wallops
Flight Facility, Wallops, VA, managed by GSFC; 5) Michoud Assembly Facility, New Orleans, LA, managed by MSFC; and 6) White Sands
Test Facility and Space Network, White Sands, NM, managed by JSC.

NASA's science, research, and technology development work is focused and implemented through four Mission
Directorates and supported by one Mission Support Directorate:

The Aeronautics Research Mission Directorate (ARMD) conducts fundamental research in aeronau-
tical disciplines and develops capabilities, tools, and technologies that will significantly enhance aircraft
performance, safety, and environmental compatibility, as well as increase the capacity and flexibility of the
U.S. air transportation system.

The Science Mission Directorate (SMD) conducts the scientific exploration of Earth, the Sun, the solar
system, and the universe. SMD’s missions include ground-, air-, and space-based observatories, deep-
space automated spacecraft, and planetary orbiters, landers, and surface rovers. SMD also develops
innovative science instruments and techniques in pursuit of NASA's science goals.

The Exploration Systems Mission Directorate (ESMD) develops the capabilities for long-duration
human and robotic exploration. ESMD is conducting robotic precursor missions, developing human trans-
portation elements, creating innovative life support and medical technologies, and establishing international
and commercial partnerships. On February 1, 2010, the President released the FY 2011 Budget Request,
which proposed several new programs that seek to foster sustainable human space exploration. Study
teams are exploring the program options and the optimal path for making NASA’s near- and long-term goals
possible.

The Space Operations Mission Directorate (SOMD) directs spaceflight operations, space launches,
and space communications and manages the operation of integrated systems in low Earth orbit and
beyond, including the ISS. SOMD is laying the foundation for future missions beyond Earth orbit by using
the ISS as an orbital outpost where astronauts can test systems and technology.

The Mission Support Directorate (created in February 2010) strengthens the efficiency and management
of Agency level operations under a single Associate Administrator. These Agency-level activities include
Center Management and Operations, Agency Management and Operations, Construction of Facilities,
Human Capital and Infrastructure.

For more detailed information about NASA's organization go to http.//www.nasa.gov/about/org_index.html.
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NASA’'s Workforce

NASA employs over 18,000 civil servants at nine Centers, Headquarters, and the NASA Shared Services Center,
with an additional 5,000 people at the Jet Propulsion Laboratory. At every NASA location across the country, NASA
employees work to contribute their time and talents to the local community.

NASA improved its already-high score in the Partnership for Public Service’s Best Places to Work survey of
Federal agencies as identified by employees, increasing the Agency’s overall index score by 3.5 percent over 2009
and ranking fifth out of 32 agencies reviewed (see http.//data.bestplacestowork.org/bptw/index for more informa-
tion). NASA's ratings improved in Strategic Management, Effective Leadership, Performance Based Rewards and
Advancement, Training and Development, and Pay. However, the survey also revealed areas in need of improve-
ment such as Teamwork, which dropped from a rating of 80.0 in 2009 to 75.9 in 2010. Teamwork is a NASA Value,
and NASA's employees constantly strive to strengthen workforce collaboration.

Shared Values, Shared Results

NASA has four shared core values that support and guide the Agency’s commitment to technical and profes-
sional excellence. Every NASA employee believes that mission success is the natural outcome of an uncompro-
mising commitment to safety, integrity, teamwork, and excellence.

Safety: Constant attention to safety is the cornerstone of NASA's mission success. NASA is committed, indi-
vidually and as a team, to protecting the safety and health of the public, NASA team members, and the assets
that the Nation entrusts to the Agency.

Integrity: NASA is committed to maintaining an environment of trust, built upon honesty, ethical behavior,
respect, and candor. Agency leaders enable this environment by encouraging and rewarding a vigorous, open
flow of communication on all issues, in all directions, and among all employees without fear of reprisal. Build-
ing trust through ethical conduct as individuals and as an organization is a necessary component of mission
success.

Teamwork: NASA strives to ensure that the Agency’s workforce functions safely at the highest levels of physi-
cal and mental well-being. The most powerful tool for achieving mission success is a multi-disciplinary team of
diverse, competent people across all NASA Centers. NASA's approach to teamwork is based on a philosophy
that each team member brings unique experience and important expertise to project issues. Recognition of
and openness to the insight of individual team members improves the likelihood of identifying and resolving
challenges to safety and mission success. The Agency is committed to creating an environment that fosters
teamwork and processes that support equal opportunity, collaboration, continuous learning, and openness to
innovation and new ideas.

Excellence: To achieve the highest standards in engineering, research, operations, and management in sup-
port of mission success, NASA is committed to nurturing an organizational culture in which individuals make
full use of their time, talent, and opportunities to pursue excellence in both the ordinary and the extraordinary.



http://data.bestplacestowork.org/bptw/index

Budget for Performance:
NASA’'s FY 2010 Budget

NASA's FY 2010 budgetary resources totaled $18,724 million, an increase of about five percent from NASA's
FY 2009 budget. This increase demonstrates a commitment to funding the balanced priorities set forth for the
Agency in space exploration, Earth and space science, and aeronautics research. Operating plan changes reflect
budget changes necessary to carry out Congressional and White House directives that occurred after the FY 2010
budget request. NASA's budget requests are available online at http.//www.nasa.gov/news/budget/index.html.

NASA’s FY 2010 Enacted Budget Total, Including July Operating Plan Adjustments: $18,724
(Dollars in Millions)

Inspector General

$36 \
Construction & ECR
$453 ~

Science
$4,49

Aeronautics Research
$497

Cross-Agency
Support
$3,141

Exploration Systems
$3,777

Education —___
$180

Space Operatiol

ECR is Environmental Compliance and Restoration. Construction and Environmental Compliance and Restoration became a budgetary
line item as of the FY 2011 budget request, and it appears in NASA’s FY 2010 operating plans.

Proud to Serve the Nation:
American Recovery and Reinvestment Act

The American Recovery and Reinvestment Act of 2009 (Recovery Act) was signed into law by President Obama
on February 17, 2009. It was an unprecedented effort to jump start the Nation’s economy, create and save millions
of jobs, and modernize the Nation’s infrastructure so the country can thrive in the 21st century.

NASA received $1,050 million of Recovery Act funding in fiscal year 2009 ($1,002 million Direct Appropriation
and $48 million Reimbursable Authority), all of which has been obligated on projects to support the Nation’s eco-
nomic recovery and advance NASA's research mission. The Agency received an additional $4 million in Recovery
Act Reimbursable Authority in FY 2010. Details on the Agency’s progress are available at http://www.nasa.gov/
recovery/index.html. From satellites that track and trend weather and natural hazards to creating a safer, more
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efficient air transportation system, NASA's employees are proud to contribute to the breakthroughs and activities
that will aid America’s economic recovery.

Among the key purposes of the Recovery Act are preserving and creating jobs, spurring technological advances
in science and health, and promoting economic recovery. NASA has an important role to play in achieving these
purposes through the program and facilities investments it is making with Recovery Act funding.

NASA Recovery Act Funding Total: $1,054
(Dollars in Millions)

¢ Restore NASA-owned
facilities damaged by
hurricanes and other Inspector General
natural disasters that $2

- e Accelerate the development of
occurred in 2008.

Earth Science climate research
missions recommended by the
National Academies’ Decadal
Survey.
¢ Increase NASA’s supercomputing
capabilities.

Cross-Agency Support—
Non-Reimbursable
$50 \

Cross-Agency Support—
Reimbursable*
$52

Exploration Systems
$400

¢ Fund planned mission devel-
opment activities that could
contribute to future exploration.
e Stimulate efforts within the

=
private sector to develop and L
demonstrate human spaceflight Undertake systems-level research,
capability. development, and demonstration

activities related to aviation safety,
environmental impact mitigation, and
development of the Next Generation

*Reimbursable activities for other Federal agencies’ Recovery Act programs.
d 24 prog Air Transportation system (NextGen).
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Managing and Measuring NASA’s Performance

The Government Performance and Results Act of 1993 (GPRA) requires Federal agencies to issue plans for
how the Agency intends to accomplish its mission. This process starts with a strategic plan that sets the mission
and outlines an agency’s goals and objectives for at least five years. The agency’s annual performance plan then
describes the performance indicators and program outputs needed to achieve the goals and objectives.

NASA’s 2006 Strategic Plan established six Strategic Goals, with six Sub-goals under Strategic Goal 3.
Strategic Goal 1: Fly the Shuttle as safely as possible until its retirement, not later than 2010.

Strategic Goal 2: Complete the International Space Station in a manner consistent with NASA's International
Partner commitments and the needs of human exploration.

Strategic Goal 3: Develop a balanced overall program of science, exploration, and aeronautics consistent with
the redirection of the human spaceflight program to focus on exploration.

Strategic Goal 4: Bring a new Crew Exploration Vehicle into service as soon as possible after Shuttle retirement.

Strategic Goal 5: Encourage the pursuit of appropriate partnerships with the emerging commercial space
sector.

Strategic Goal 6: Establish a lunar return program having the maximum possible utility for later missions to
Mars and other destinations.

Each of the six Strategic Goals is clearly defined and supported by multi-year Outcomes that enhance the
Agency’s ability to measure and report accomplishments. NASA also set Annual Performance Goals (APGs) that
demonstrate progress for achieving Outcomes. The APGs are updated annually as part of the Performance Plan,
included in NASA's annual Budget Estimates (available at http.//www.nasa.gov/news/budget/index.html).

In addition to Outcomes and APGs for NASA's Strategic Goals, the Agency also has performance measures for
Cross-Agency Support functions as well as Uniform and Efficiency Measure APGs. These measures help NASA
to track performance in a number of program and project management areas, including life cycle schedule and
cost, and competitive award processes. NASA organizes Efficiency Measure APGs by NASA's Budget Themes to
emphasize and encourage individual program accountability.
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NASA measures and communicates its progress toward achieving Outcomes and APGs through color ratings
(Green, Yellow, Red, and White). NASA managers in the Mission Directorates and Mission Support Offices deter-
mine ratings for the multi-year Outcomes and APGs based on a series of internal and external assessments that
are part of ongoing monitoring requirements in NASA’'s Performance Management System.

What do the color ratings mean?

Color Multi-year Outcome Rating Annual Performance Goal Rating

NASA achieved most APGs under this Outcome and is on-

Green track to achieve or exceed this Outcome. NASA achieved this APG.
e NASA made significant progress toward this Outcome; how- | NASA failed to achieve this APG, but made significant prog-
ever, the Agency may not achieve this Outcome as stated. ress and anticipates achieving it during the next fiscal year.
NASA failed to achieve most of the APGs under this . . . -
Red Outcome and does not expect to achieve this Outcome as NASA failed to achieve this APG and does not anticipate

stated. completing it within the next fiscal year.

This APG was canceled by management directive and
NASA is no longer pursuing activities relevant to this APG,
or the program did not have activities relevant to the APG
during the fiscal year.

This Outcome was canceled by management directive or is
White no longer applicable based on management changes to the
APGs.

Managers rely on feedback from advisory groups and experts in the field to guide their rating decisions. Advi-
sory groups like the NASA Advisory Council, the National Academies, and the Aerospace Safety Advisory Panel
assess program content and direction. Experts from the science community also review the progress that projects
and programs make toward meeting the performance measures under Sub-goals 3A through 3D, and managers
assign ratings to the science-related Outcomes and APGs based on these experts’ findings. The next page shows
a breakdown of the FY 2010 performance results by percentages of Green, Yellow, Red, and White ratings for the
Outcomes and APGs.

NASA's performance data provides a foundation for both programmatic and institutional decision-making pro-
cesses and supports decisions concerning strategy and budget. Internally, the Agency monitors and analyzes
how each program manages its budget and schedule. These analyses are provided during quarterly and monthly
reviews at the Center, Mission Directorate, and Agency levels to communicate the health and performance of a pro-
gram. The final performance results reflected in this report help inform planning for the forthcoming 2011 Strategic
Plan and the FY 2012 budget request.

As part of the planning process, Mission Directorates are working to implement internal success criteria into
their APGs and related projects. This internal rating process will help to determine whether each project is meeting
its goal while emphasizing a more quantitative approach to performance measurement and rating. Nonetheless,
advisory groups and expert advisors will continue to play an important role in rating decisions.

FY 2010 Cost Toward Strategic Goals

To measure cost toward Strategic Goals and Sub-goals, NASA maps the Mission Directorate’s costs (i.e.,
Research and Development Initiatives as presented in the Statement of Net Cost) to the Strategic Goals and Sub-
goals through Themes and programs. In 2003, NASA created Themes as a bridge to connect related Agency pro-
grams and projects to the Mission Directorates or equivalents that manage the programs. Themes group together
similar programs, such as the programs that conduct Earth science or support the Agency’s spaceflight missions,
into budgeting categories. NASA uses Themes and programs to track performance areas, with Themes often
contributing to a single Strategic Goal or Sub-goal.

NASA analyzes the fiscal year’s final operating plan (this year issued in July) to determine the portion of each
Mission Directorate budget allocated to each Theme and/or program, thus tying it to a particular Strategic Goal or
Sub-goal. The Agency’s analysts then use NASA's Statement of Net Cost to allocate Research and Development
Initiatives cost to the Themes and then Strategic Goals and Sub-Goals based on the relationships determined in
the operating plan.



N
FY 2009 FY 2010 Summary of NASA’s
Performance

47 Outcomes 48 Outcomes

162 APGs 184 APGs

FY 2010 APG Ratings by Strategic Goal or Equivalent

10% 8% 8% 7%
18% 20% 23% 20% 20% 18% 7%
27%
40% 1%
90% 00% 92% 92%
82% 80% 80% 82%
r5% 78% 7% 74%
60%
|
1 2 3A 3B 3C 3D 3E 3F 4 5 6 . 5‘ S &
X . '
Amounts in the chart may not add to 100%, due to rounding. §"B §°§
& v

FY 2010 Cost by Strategic Goal
(Dollars in Millions)

$4,678.5
$4,377.8
$3,645.6
. $198.2 $198.2
$1,834.7
$1,935.5 %1982
$198.2 $1,456.1
$821.8 $697.0
$13.3 $134.9 $560.9
5.7 . 3 238. B Y
2 3A 3F 4 5

1 3B 3C 3D 3E 6

| Aeronautics Research | Exploration Systems |4 Science i Space Operations

Total cost is $21,308.0
kAmounts in the chart may not agree with the total, as per the Statement of Net Cost, or totals in Detailed Performance due to roundingj
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Performance Highlights

The following section highlights NASA's significant achievements and efforts under each Strategic Goal in
FY 2010. For complete ratings and narratives describing NASA's progress toward achieving the Agency’s APGs,
multi-year Outcomes and Strategic Goals, please see the Detailed Performance section. For more information
on NASA's missions, please see the NASA's Missions at a Glance located in the Other Accompanying Information
section of this document.

Strategic Goal 1: Fly the Shuttle as safely as possible until its
retirement, not later than 2010.

Responsible Mission Directorate: Space Operations

This Highlight achieved in pursuit of Outcome 1.1 in NASA’s FY 2010 Performance Plan Update.

A Busy Year for the Space Shuttle and Its Crews

The Space Shuttle safely and successfully completed every mission objective for all four flights in FY 2010.

The focus of the Space Shuttle flights to the ISS this year was on delivering the final pressurized elements and
provisioning the Station to support operations and utilization through the next 10 years and potentially beyond.
Due to operational considerations, NASA extended the STS-133 and STS-134 missions into FY 2011. NASA
maintains the option of flying one additional mission, STS-135, if so directed using flight hardware already in place
to support contingency rescue operations for STS-134. This action was taken with the express consent of all
stakeholders to ensure the safety of these flights and the ongoing success of the ISS partnership.

The STS-129 mission, launched on November 16, 2009, focused on staging spare components on the outside
of the ISS, including gyroscopes, nitrogen and ammonia tank assemblies, pump modules, and end effectors for
the ISS robotic arm.

STS-130, launched on February 8, 2010, saw the delivery and installation of the Tranquility (formerly Node 3)
module and the Cupola. The name for the Tranquility module was suggested through a NASA public outreach
effort, tying together the installation of the last planned U.S. pressurized module with history of space exploration
and the landing of Apollo 11 at Tranquility Base on the Moon in July 1969.

STS-131, launched on April 5, 2010, car-
ried the ltalian-built Multi-Purpose Logistics
Module (MPLM) Leonardo loaded with eight
tons of science equipment and cargo. Leon-
ardo will return to the ISS one last time on
STS-133 when it is permanently installed to
the Station.

The final mission of the fiscal year, STS-
132, was launched on May 14, 2010, carry-
ing the final scientific module destined for ISS,
the Russian Rassvet Mini Research Module,
as well as over 5,300 pounds of external sup-
plies on an Integrated Cargo Carrier-Verti-
cal Light Deployable (ICC-VLD) pallet in the
cargo bay. As part of the process of retiring -
the Space Shuttle, the last set of Solid Rocket Credit: NASA

Motors (RSRM-114) and the last production The Canadarm2 transfers the Tranquility module from Endeavour’s
External Tank (ET-138) were delivered to the payload bay to its new position on the port side of the ISS Unity node
Kennedy Space Center. (visible in the upper left corner) on February 11, 2010.




Strategic Goal 2: Complete the International Space Station
in a manner consistent with NASA’s International Partner
commitments and the needs of human exploration.

Responsible Mission Directorate: Space Operations

This Highlight achieved in pursuit of Outcomes 2.1 and 2.2 in NASA’s FY 2010 Performance Plan Update.

ISS Gets New Windows on the World and
Research Facilities

FY 2010 was a very busy year onboard the ISS. In
November 2009, the Shuttle mission STS-129 deliv-
ered close to 30 thousand pounds of replacement
parts packed onto two Express Logistics Carriers
which ISS crew members transferred and attached
to the ISS truss. NASA stationed the spare parts on
the ISS in anticipation of the Shuttle’s retirement in
2011. In February 2010, the STS-130 Shuttle mis-
sion delivered and installed the Tranquility module
and dome-shaped, window-filled Cupola. The
Cupola has seven windows, six around the sides
and one on top. Just under ten feet in diameter,
the module will accommodate two crew members

. . Credit: NASA
and portable workstations that can control Station : :
, o . ) ) ) STS-130 astronaut Nicholas Patrick works on the newly
and robotic activities. The multi-directional view WI” installed Cupola on February 10, 2010. During the spacewalk
allow the crew to monitor spacewalks and docking he and fellow astronaut Robert Behnken removed the

OperationS, as well as provide a Spectacu|ar view of insulation blankets and launch restraint bolts from each of the
Earth and other celestial objects. CUERlElR SEEn Vilteans,

In April 2010, the STS-131 mission delivered
over 17 thousand pounds of equipment to the Station in the multi-purpose logistics module Leonardo. This mis-
sion also marked the first time four women were in space and the first time Japan had two of its astronauts in space
at the same time.

An important part of achieving Strategic Goal 2 is turning the ISS into an effective on-orbit research laboratory
for testing technologies and capabilities for space exploration and Earth applications. As part of the International
Partner commitments, the crew share facilities and execute scientific experiments from all partners, making the
most of available resources as the outpost approaches full operations. In addition to the scientific racks and
experiments already on board, the STS-131 mission delivered four new utilization racks to the Station: the Window
Observational Research Facility (WORF), the Muscle Atrophy Research and Exercise System (MARES), the EXpe-
dite the PRocessing of Experiments to Space Station (EXPRESS) Rack 7, and the Minus Eighty-Degree Laboratory
Freezer for ISS (MELFI). In May 2010, the STS-132 mission delivered the Russian Mini Research Module Rassvet
(meaning dawn) along with a new backup space-to-ground antenna and replacement batteries for the Station
power system. The Rassvet contains eight workstations designed for a variety of space experiments and educa-
tional research. It also will provide an additional docking port for Russian Soyuz and Progress vehicles.

More information on the many ISS experiments conducted during each Expedition can be found at http.//www.
nasa.gov/mission_pages/station/main/index.htmi.
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Sub-Goal 3A: Study Earth from space to advance scientific
understanding and meet societal needs.

Responsible Mission Directorate: Science

This Highlight achieved in pursuit of Outcome 3A.3 in NASA’s FY 2010 Performance Plan Update.

NASA Measures Changes in Plant
Productivity

At the base of Earth’s food web are
terrestrial plants and algae, the organ-
isms responsible for primary production,
the production of organic compounds
from carbon dioxide and water. Almost
all life on Earth is directly or indirectly reli-
ant on these primary production organ-
isms. NASA research has succeeded in
quantifying global land cover and examin-
ing trends and processes in ecosystems,
revealing the impact of drought on plant
production and Earth’s ecosystems.

. . - Credit: AAAS
Net primary prOdU(?Uon quantmes the NASA-funded researchers analyzed time series data from Terra’s Moderate
amount of atmospheric carbon fixed by Resolution Imaging Spectroradiometer (MODIS) in combination with

plants and accumulated as biomass, the climate data. Areas in green had increased net primary productivity and

livina comoonent of Earth’s ecosvstems. those colored red had decreased net primary productivity. Over the

P 9 P hh h hat i Y q Northern Hemisphere, 65 percent of vegetated land area had increased
ast researc as shown t . at. Increase net primary production, while in the Southern Hemisphere, 70 percent of

temperatures and solar radiation around vegetated land areas had decreased net primary productivity.

the globe have allowed an upward trend
in terrestrial net primary production from
1982 through 1999. From data obtained from air- and space-borne sensors, NASA has produced new maps of
forests and wetlands and has further studied changes in global land cover, forest heights, ocean productivity, and
terrestrial biomass accumulation following disturbances. A new study based on ten years of satellite data reported
that the previously observed increasing trend in terrestrial primary production has reversed and now shows a weak
decline. The recent analysis shows that since 2000, high-latitude northern hemisphere forests have continued to
benefit from warmer temperatures and a longer growing season. However, in the southern hemisphere widespread
persistent droughts have resulted in a net global loss of terrestrial productivity. A continued decline in global ter-
restrial plant productivity potentially threatens food security and future biofuel production and weakens the terres-
trial carbon sink, leaving more carbon in the atmosphere. Continuous global monitoring is essential to determine
whether the reduced net primary production is a decadal variation or a turning point in terrestrial primary production
resulting from a changing climate.

More on this research is available online at http.//www.nasa.gov/topics/earth/features/plant-decline.html.

Sub-Goal 3B: Understand the Sun and its effects on Earth and
the solar system.

Responsible Mission Directorate: Science

This Highlight achieved in pursuit of Outcome 3B.2 in NASA’s FY 2010 Performance Plan Update.
NASA Heliophysics Spacecraft Show the New and Unexpected

Launched in February 2010, the Solar Dynamics Observatory (SDO) is returning images that show never-before-
seen detail of material, including energetic particles and radiation, streaming outward and away from sunspots.


http://www.nasa.gov/topics/earth/features/plant-decline.html

This image, taken on August 20, 2010, by SDO,
shows that the Sun’s corona is threaded with a
complex network of magnetic fields. Some field
lines are closed (the white lines), not releasing
solar wind, and some lines (the gold lines)
show open fields, letting solar wind escape.

Understanding these magnetic fields is important
because it is thought that solar storms and
flares,which can affect life on Earth, result from
changes in the structure and connections of
these fields. The SDO images show the corona’s
eruptions of superheated gases and intense
magnetic fields that are constantly on the move.

Credit: NASA

These immense clouds of material, when directed toward Earth, cause large magnetic storms in the magneto-
sphere and upper atmosphere. Other images show extreme close-ups of activity on the Sun’s surface, revealing
how the solar magnetic field is generated in the solar interior and how its structure evolves in the solar atmosphere.
SDO’s goal is to understand how the magnetospheric storms that the solar variations are able to produce influence
life on Earth and humanity’s technological systems.

For more on SDO, visit http://science.nasa.gov/science-news/science-at-nasa/2010/05feb_sdo/.

Measurements from the older Coupled lon Neutral Dynamic Investigation (CINDI) have unexpectedly shown that
Earth’s thermosphere contracted far more than expected during the recent solar minimum in 2009. Solar minimum
is the period of the least activity in the 11-year solar cycle, when sunspot and solar flare activity diminishes. The
record contraction results from the compound effects of an unusual lull in solar activity combined with enhanced
radiative cooling at the upper reaches of Earth’s atmosphere due to elevated carbon dioxide levels compared to
previous solar minima. The extended solar minimum also has allowed the highest intensity of galactic cosmic rays
of the space era to impact the atmosphere, with intensities as much as 20 percent greater than during previous
solar minima. Studies of the radiation dose resulting from the enhanced 2009 cosmic ray intensities suggest that
NASA and its partners may need to re-evaluate how much radiation shielding astronauts take with them on deep-
space missions.

For more on the solar minimum and cosmic rays, visit http.//science.nasa.gov/science-news/
science-at-nasa/2009/29sep_cosmicrays/ .

Sub-Goal 3C: Advance scientific knowledge of the origin and
history of the solar system, the potential for life elsewhere, and
the hazards and resources present as humans explore space.

Responsible Mission Directorate: Science

This Highlight achieved in pursuit of Outcome 3C.3 in NASA’s FY 2010 Performance Plan Update.

A Warmer, Wetter Mars

While the Mars of today is a world of cold deserts, there is evidence of a warmer and wetter past. Features
resembling dry riverbeds and minerals that form in the presence of water indicate water once flowed through
Martian sands. Since liquid water is required for all known forms of life, scientists wonder if life could have arisen
on Mars, and if it did, what became of it as the Martian climate changed. NASA's Mars Reconnaissance Orbiter
(MRO) is helping researchers “follow the water” to determine the possible past, present, and future habitability of
Earth’s planetary neighbor.
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New results from extensive radar mapping of the middle-latitude
region of northern Mars show that thick masses of buried ice are quite
common beneath protective coverings of dirt and rubble. MRO is
charting the locations of these subsurface glaciers and ice-filled val-
leys, providing clues about how these deposits may have been left as
remnants when regional ice sheets sublimated. Researchers hypoth-
esize that the area was covered with an ice sheet during a different cli-
mate period, and when the climate dried out, these deposits remained
only where they had been protected from the atmosphere. The ice
could contain a record of environmental conditions at the time of its
deposition and flow, making the ice masses an intriguing possible
target for a future mission with digging capability.

Credit: NASA/JPL-Caltech/University of Arizona

This 40-foot-wide crater in mid-latitude
northern Mars was created by an impact
that occurred between July 3, 2004, and
June 28, 2008. The impact that dug the
crater excavated water-ice from below
the surface, visible as the bright material
inside and scattered to the right of the
crater.

MRO revealed these glaciers hiding just below the surface of mid-
latitude Mars. The spacecraft’s observations were obtained from orbit
after meteorites excavated fresh craters, revealing the water-ice. The
orbiter observed bright ice exposed at five sites with new craters that
range in depth from approximately one and a half feet to eight feet. The bright patches darkened in the weeks
following initial observations, as the freshly exposed ice vaporized into the thin Martian atmosphere and left behind
dust that had been intermixed with the ice. One of the new craters had a bright patch of material large enough for
one of the orbiter’s instruments to confirm it as water-ice. The findings confirm that water-ice occurs beneath Mars’
surface halfway between the north pole and the equator, a lower latitude than expected in the Martian climate.

Sub-Goal 3D: Discover the origin, structure, evolution, and
destiny of the universe, and search for Earth-like planets.

Responsible Mission Directorate: Science

This Highlight achieved in pursuit of Outcome 3D.4 in NASA’s FY 2010 Performance Plan Update.

The Search for Earth-like Planets Heats
Up Transit Light Curves

NASA's Kepler Space Telescope, launched in
March 2009 to search for Earth-size planets in the
habitable zone of sun-like stars, has discovered its
first five new exoplanets, or planets beyond Earth’s
solar system.

Known as “hot Jupiters” because of their large
size and extreme temperatures, the new exoplanets
(named Kepler 4b, 5b, 6b, 7b, and 8b) range in size
from similar to Neptune to larger than Jupiter. They

Credit: NASA
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have orbits ranging from 3.3 to 4.9 days, meaning
they orbit very close to their parent stars. All the
parent stars are hotter and larger than the Sun, and
the estimated surface temperatures of the planets
range from 2,200 to 3,000 degrees Fahrenheit—
hotter than molten lava and much too hot for any
known forms of life.

Kepler is designed to survey a portion of the
Milky Way galaxy to discover extrasolar planets,
and these early Kepler discoveries demonstrate the

power of the mission to find distant worlds and contribute to the census of extrasolar planets. Over the next three

When a planet crosses in front of its star as viewed by an
observer, it is called a transit. Transits by terrestrial planets
produce a small change in the star’s brightness—a change
that Kepler’s sensitive science instrument, or photometer, can
detect and measure. From these measurements scientists
can determine the size of the distant planet. The five panels
show light curves and relative sizes (compared to their parent
star) for the five confirmed planets found by Kepler during
the first 90 days of operation. Kepler 4b is roughly the size of
Neptune, whereas the other four planets are about the size of
Jupiter.

years, Kepler will yield information on the frequency of Earth-sized planets around other stars.

For more information on these discoveries, please visit http://www.nasa.gov/mission_pages/kepler/news/

kepler-5-exoplanets.html.
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Sub-Goal 3E: Advance knowledge in the fundamental disciplines
of aeronautics, and develop technologies for safer aircraft and
higher capacity airspace systems.

Responsible Mission Directorate: Aeronautics Research

This Highlight achieved in pursuit of Outcome 3E.5 in NASA’s FY 2010 Performance Plan Update.
X-48B Takes to the Sky for First Phase Flight Tests

In Spring 2010, a team led by NASA and
the Boeing Company completed the first
phase of flight tests on the subscale, manta
ray-shaped X-48B hybrid wing body aircraft
at Dryden Flight Research Center.

Hybrid wing body aircraft configurations
are promising candidates to reduce the envi-
ronmental impact associated with aviation. In
the mid-2000s, NASA identified low-speed
flight controls as a development challenge
for aircraft such as the hybrid wing body.
This challenge has been the initial focus of
research since then. The ultimate goal is to
develop technology for an environmentally
friendly aircraft that makes less noise, burns
less fuel, and emits less noxious exhaust.

The first phase began on July 20, 2007
and ended with the 80th flight on March 19,
2010. The flight test program utilized a composite-skinned, 8.5 percent scale model of the X48-B that can to fly up
to 10,000 feet and 120 knots in its low-speed configuration. A pilot flies the aircraft remotely from a ground control
station using conventional aircraft controls and instrumentation, while looking at a monitor fed by a forward-looking
camera on the aircraft.

Sub-Goal 3F: Understand the effects of the space environment
on human performance, and test new technologies and
countermeasures for long-duration human space exploration.

Responsible Mission Directorates: Exploration Systems and Space Operations

This Highlight achieved in pursuit of Outcome 3F.4 in NASA’s FY 2010 Performance Plan Update.

Credit: NASA/T. Landis

NASA Dryden engineer Gary Cosentino prepares the X-48B for flight.

VCAM Provides a Breath of Fresh Air on the ISS

Keeping astronauts healthy and productive in space goes beyond medicine and exercise. It includes tech-
nologies that protect crewmembers while remaining practical and comfortable to use. NASA continuously strives
to develop technologies that will make exploration safer. The Vehicle Cabin Atmosphere Monitor (VCAM), which
identifies gases that are present in minute quantities in the ISS breathing air that could harm the crew’s health, is
one such technology. In the future, instruments like VCAM could accompany crewmembers during long-duration
exploration missions. To successfully live and work in the environment of the ISS, the environment must be moni-
tored to ensure the health of the crewmembers. Crewmembers can be more sensitive to air pollutants because
of the closed environment. The impact of pollutants in this environment are magnified because the exposure is
continuous. VCAM can provide a means for monitoring the air within enclosed environments, such as the ISS,
Crew Exploration Vehicle (CEV), or other vehicle traveling throughout the solar system. Its miniature preconcen-
trator, gas chromatograph, and mass spectrometer can provide unbiased detection of a large number of organic
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species. VCAM’s software can identify whether the chemicals are on a targeted list of hazardous compounds and
their concentration. The performance and reliability of VCAM on orbit along with the ground teams assessment of
its raw data and analysis results will support the development of this technology in the future.

For more on NASA's research to keep astronauts healthy and productive, go to http.//humanresearch.jsc.nasa.
gov and http://www.nasa.gov/exploration/analogs/index.htmi.

Strategic Goal 4: Bring a new Crew Exploration Vehicle into
service as soon as possible after Shuttle retirement.

Responsible Mission Directorate: Exploration Systems

This Highlight achieved in pursuit of Outcome 4.1 in NASA’s FY 2010 Performance Plan Update.
Ares I-X Completes a Successful Flight Test

The Ares |-X test rocket lifted off on October 28, 2009, from
Kennedy Space Center for a two-minute powered flight, the
first time that NASA's new 327-foot-tall launch vehicle had
flown. The flight test, which launched from the newly modified
Launch Complex 39B, lasted about six minutes until splash-
down of the rocket’s booster stage nearly 150 miles down-
range. The successful flight test capped its easterly trajectory
at a suborbital altitude of 150,000 feet.

After the separation of its first stage, a four-segment solid
rocket booster, parachutes deployed for recovery of the
booster and the solid rocket motor. The test launch met all its
primary goals and provided a solid foundation for future rock-
ets. The flight's only flaw came after the first stage burned
through its fuel and separated from the dummy upper stage.
One of the three main parachutes collapsed entirely during the
fall to the ocean and a second partially collapsed, most likely
because the device that cuts the reefing lines activated earlier
than planned. A number of lessons were learned from the Ares
[-X experience.

Engineers of future rockets can incorporate a number of
policies, techniques, and experiences, to support quick matu-
ration from concept to operational launcher of the next gen- .
eration of American spaceflight vehicles that could transport Credit: NASA'S. Joseph and K. O'Connel
humans beyond low Earth orbit.

. NASA’s Ares I-X test rocket soars into blue skies
For more on the Ares |-X test flight, go to http://www.nasa. above Launch Pad 39B at NASA’s Kennedy Space

gov/mission_pages/constellation/ares/flighttests/aresix/index. Center in Florida on October 28, 2009.
html.

Strategic Goal 5: Encourage the pursuit of appropriate
partnerships with the emerging commercial space sector.
Responsible Mission Directorates: Exploration Systems and Space Operations

This Highlight achieved in pursuit of Outcome 5.1 in NASA’s FY 2010 Performance Plan Update.
NASA Ensures Launch Options

In September 2010, NASA awarded new launch services contracts to four commercial companies to ensure
NASA's access to a broad range of launch services over a ten-year period. Through these contracts, the Agency
will have a variety of launch options for NASA's planetary, Earth-observing, exploration, and scientific satellites
and will also be able to provide launch services to other government agencies, such as the National Oceanic and
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Atmospheric Administration. NASA has the ability to order up to 70 launch services missions with a maximum
cumulative potential contract value of $15 billion.

NASA selected the following companies: Lockheed Martin Space Systems Company for the Athena | and
Athena II; Orbital Sciences Corporation for the Pegasus XL and Taurus XL; United Launch Services, LLC for the
Atlas V, and Space Exploration Technologies (SpaceX) for the Falcon 1, 1e and 9 launch vehicles.

Although the new contract lasts for ten years, an annual opportunity exists for launch service providers to submit
proposals offering new launch services unavailable at the time of this award, thus enhancing the competitive nature
of the contract over the full ten-year contract life. NASA's Launch Services Program continues to engage emerg-
ing launch service providers, both on and off the contract, to provide expertise and to encourage the successful
growth of a competitive market.

In 2010, SpaceX and Orbital continued to make progress under the signed Commercial Orbital Transportation
Systems (COTS) Space Act Agreements and toward the signed Commercial Resupply Services (CRS) contracts to
provide cargo resupply for the ISS.

On June 4, 2010, the SpaceX Falcon 9 rocket lifted off from Kennedy Space Center on its maiden flight.
The Falcon 9 rocket successfully achieved its intended 155-mile-high orbit, fulfilling all mission objectives. This
successful test by SpaceX is an important benchmark toward the launching of an active Dragon spacecraft on
SpaceX’s first COTS demonstration mission scheduled for November 2010.

Strategic Goal 6: Establish a lunar return program having the
maximum possible utility for later missions to Mars and other
destinations.

Responsible Mission Directorates: Exploration Systems and Space Operations

This Highlight achieved in pursuit of Outcome 6.4 in NASA’s FY 2010 Performance Plan Update.

LRO Reveals New Moon

The instruments on LRO have supported the ability to study the Moon at a number of different scales, from the
Moon as a whole, to regional variations, to discoveries at specific locations. The three papers published in the
September 17, 2010, issue of the journal Science are examples of NASA's ability to gain intriguing new knowledge
of the Moon over each of these different spatial scales.

The topographic data acquired from LRO’s Lunar Orbiter Laser Altimeter (LOLA) provided significant new scien-
tific insight into the early history and evolution of the Moon that will also influence understanding of the early days of
Earth. Using the high resolution altimetry data, a new catalog of
all craters on the Moon with a diameter of greater than 20 kilome-
ters was created, and a new perspective on the Moon'’s turbulent
and violent youth has been developed.

Global scale information about mineralogy of the Moon typi-
cally comes from analysis of the light from the Sun that is reflected
from the Moon’s surface. The measurements delivered from LRO
use infrared (longer wavelength than visible) light that is emitted
by the Moon and is characteristic of its composition. LRO’s data
has revealed the presence of silica-rich lunar soils at scales of a
kilometer and larger. There is also evidence of granite-like for-
mations as well as regions where quartz and silica-rich glass are
found. These emissions have also confirmed the pristine lunar
mantle is not exposed at the lunar surface at the kilometer scale.

The observations provide compelling evidence that the Moon is ' Gl NS DY

a complex body that has experienced a wide range of volcanic- This lunar topographic map showing one of

like processes. Before LRO’s launch, it was common to think me moithdinse'y Crart]er?'ddfeg'ozsfon the »
. . . oon. The topography is derived from over 2.

the Moon was comprlsed' of twg different kinds of area;, the e <o s by LOLA. Gales raleeis

dark lunar seas and the brighter highlands areas. Now, with the increasing elevation from blue to red.
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exquisite measurements made with LRO, details indicate that things are much more complicated and a lot more
interesting.

For more on this story, including more images, go to http.//www.nasa.gov/mission_pages/L RO/news/turbulent-
youth.html.

Other Agency Successes

Education
This Highlight achieved in pursuit of Outcome ED.2 in NASA’s FY 2010 Performance Plan Update.

A Summer of Innovation

NASA piloted the Summer of Innovation project in 2010 to engage students in science, technology, engineer-
ing, and mathematics (STEM) disciplines through out-of-school learning activities. State education stakeholders,
NASA Field Centers, and other education partners offered STEM-related special events, teacher development, and
family activities throughout the summer.

One goal of the Summer of Innovation was to increase the participation of low-income and minority students.
The Idaho Space Grant, one of four organizations to receive NASA support for a statewide initiative, collaborated
with three universities and a tribal college to better reach minority students from the states of Idaho, Montana,
and Utah. Junior high students and teachers from tribal reservations and migrant Latino families participated in
engaging activities in rocketry, robotics, cosmology, and Earth science. One parent commented, “[My son] looked
forward to each and every single day, and has just now started talking about college and a possible future within
NASA.”

NASA Field Centers hosted many student and teacher focused events. The Teaching From Space Project at
Johnson Space Center offered student design challenges and opportunities for students to showcase their work
to their parents. The Langley Research Center hosted some activities specifically designed for homeschoolers
and reached more than 1,500 students. The Jet Propulsion Laboratory hosted a large event that included visits
by astronauts, music celebrities, and a number of education workshops for students. The Glenn Research Center
collaborated with the Cincinnati Public Schools for a summer learning session and a series of activities that enabled
interactions between students and NASA scientists and engineers.

Although the impact of the Summer of
Innovation is still being assessed, the summer
pilot engaged more than 78 thousand stu-
dents through summer learning sessions.
The program also implemented more than
150 events led by 130 participating partners
at NASA Field Centers across the Nation.
The story, however, is bigger than just num-
bers. Currently, NASA is planning a second
Summer of Innovation, to continue the strides
made in the summer of 2010 and to hope-
fully pave the way for students, parents, and
teachers to engage in a lifetime of learning.

1

Credit: NASA

Student involvement encompasses both one-time, short duration
enrichment activities and long-term, or sustained learning. In 2010,
NASA piloted the Summer of Innovation projects, designed to
increase engagement opportunities for middle school students.
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Diversity and Equal Opportunity
This Highlight achieved in pursuit of Outcome AS.2 in NASA’s FY 2010 Performance Plan Update.
New Process Addresses Harassment

In FY 2010, NASA deployed an Agency process, one of the first of its kind in the Federal government, devoted
solely to addressing allegations of harassment. The new process further strengthens NASA's commitment to being
a workplace free of harmful and sometimes unlawful conduct. The process is specifically designed to ensure that
the Agency handles and resolves allegations of harassing conduct at the earliest possible opportunity. This is an
important means of preventing unlawful discrimination as harassment that becomes severe and pervasive and is
a form of discrimination under the law. The new procedures create the role of Center Anti-Harassment Coordina-
tor, an individual charged with receiving allegations of harassment, monitoring the process from start to finish, and
reporting annually on the number of allegations received and time in inventory. The new process calls for a prompt
fact-finding into the matter and a decision by the appropriate management official as to the allegation and whether
any additional action should be taken. Under the new process, it is expected that the time elapsed from allegation
to decision on the matter will normally be 2-4 weeks, barring extenuating circumstances.

NASA Surveys Workforce About Diversity and Inclusion

In FY 2010, NASA deployed a first-ever Agency-wide Diversity and Inclusion Survey to evaluate employee
perceptions on a host of diversity-inclusion issues such as the extent to which employees believe the Agency is
transparent in its policies and the dissemination of critical information, and whether employees believe they are
being treated fairly in the allocation of career enhancing opportunities. This knowledge of current perceptions of the
workforce is critical in shaping NASA's long-term diversity-inclusion effort. NASA's survey will conclude in the first
quarter of FY 2011. The Agency is eager to analyze the results to improve diversity and inclusion throughout NASA.

Bringing Attention to Equal Opportunity in STEM

In FY 2010, NASA completed dissemination of the publication “Title IX and STEM: Promising Practices for Sci-
ence, Technology, Engineering, and Technology” to grant recipients.” Since its issuance, this publication has been
recognized by civil rights agencies, advocacy groups, and academia as a milestone in efforts to draw attention to
and provide useful guidance to educational institutions on ensuring equal opportunity regardless of gender in STEM
programs, where the numbers of women students remain low in a number of critical fields.

For more information, visit NASA's Office of Diversity and Equal Opportunity at http://odeo.hqg.nasa.gov/index.
html.

Verification and Validation
of NASA's Performance Information

NASA verifies and validates its performance data to assure Congress and the public that reported performance
information is credible. Verification and validation processes ensure that performance goals are measurable, with
a direct connection to an Agency’s mission, and that performance data is accurate, complete, consistent, and cur-
rent. NASA has verified and validated that the Agency’s Mission Directorates and Mission Support Offices have
procedures in place for collecting, maintaining, and processing accurate GPRA performance data.

Each Mission Directorate and Mission Support Office has a process in place for assessing performance and
assigning ratings to their Outcomes and APGs. NASA program officials enter supporting performance information
into a secure Web-based system, which stores the information during and after the annual performance reporting
process. Analysts within NASA's Strategic Investments Division (SID) in the Office of the Chief Financial Officer con-
duct additional reviews and evaluations of reported performance data to assess whether the information submitted
by the Mission Directorates and Mission Support Offices is consistent with information reported at other internal
reviews and complete enough to portray an accurate picture of NASA's performance.
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In FY 2010, SID surveyed the Mission Directorates and Mission Support Offices on their verification and valida-
tion procedures via the secure Web-based system during the annual PAR data collection process. The survey
required Mission Directorate and Mission Support Office officials to provide information about their processes
for rating program performance, and maintaining and verifying data. Best practices identified during this pro-
cess include holding monthly, biennial, and quarterly project and program reviews, with input from internal review
boards, external advisory boards, and subject matter experts. Collaboration between Mission Directorates and
Mission Support Offices ensures that the proper performance information is being shared throughout the Agency.
Documentation utilized includes white papers, meeting minutes, meeting or conference presentations, letters and
memos, a record of online correspondence, surveys, and spreadsheets and databases.

The Innovative Partnerships Program (IPP) offers an example of one office’s thorough verification and valida-
tion process. All IPP program metrics are targeted to IPP’s APGs and are compiled continuously in IPP’s National
Technology Transfer System (NTTS), which is a management information system that is utilized to compile key
quantitative and qualitative information on licensing, partnership, patenting, and license fees/royalties activities. It
includes success story information regarding commercial application of technologies transferred out of the Agency,
as well as data regarding partnership joint technology development and infusion of these technologies into NASA’s
missions. SBIR/STTR, technology transfer, and partnership technology development success stories are verified
directly with external entities. Further, NASA's Statement of Assurance annual process involves external, inde-
pendent auditing of evidence provided by IPP to ensure that the program is meeting its mission objectives. IPP’s
program activity and achievements are documented almost continuously throughout the year on IPP’s Web site at
http.//www.nasa.gov/offices/ipp/home/index.html.

Inage, Chapter first page (page 9): The Antennae galaxies, located about 62 million light-years from Earth, are shown in this
composite image from the Chandra X-ray Observatory (blue), the Hubble Space Telescope (gold and brown), and the Spitzer
Space Telescope (red). The Antennae galaxies take their name from the long antenna-like arms seen in wide-angle views of the
system. These features were produced in the collision. (Credit: NASA/CXC/SAQ/JPL-Caltech/STScl)
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This section analyzes and discusses NASA's Financial Statements and its stewardship of the resources pro-
vided to it by Congress to carry out its mission. The Financial Statements, which present the results of NASA's
operations and financial position, are the responsibility of NASA's management.

NASA's financial statements and accompanying notes are presented in their entirety in the Financials section.
NASA prepares the Consolidated Balance Sheet, Consolidated Statement of Net Cost, Consolidated Statement
of Changes in Net Position and Combined Statement of Budgetary Resources, which provide the financial results
of operations. This overview focuses on the key information provided in the statements, which describes NASA’s
stewardship of the resources provided to it by Congress to carry out its mission.

Financial Highlights

Results of Operations

NASA's net cost of operations for FY 2010 was $21.3 billion, a decrease of $1.2 billion, or five percent compared
to FY 2009. This decrease primarily represents lower depreciation in FY 2010 due to the reduction of assets for the

On September 20, 2010, Space Shuttle Discovery begins its nighttime trek, known as “rollout,” from the Vehicle Assembly Building
to Launch Pad 39A. It will take the Shuttle, attached to its external fuel tank, twin solid rocket boosters and mobile launcher plat-
form, about six hours to complete the move atop a crawler-transporter.
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International Space Station (ISS) and Space Shuttle (SS) in late FY 2009. Most of NASA’'s Research and Develop-
ment and Other Initiatives (R&D/Other) emphasized programs essential to achieving various strategic goals.

NASA's programs and activities are carried out through four R&D/Other initiatives: Aeronautics Research, Explo-
ration Systems, Science, and Space Operations. The Consolidated Statement of Net Cost presents NASA's net
costs by R&D/Other initiatives, which is summarized in the table below. The net cost of operations is the gross cost
incurred by NASA, less any earned revenue for work performed for other government organizations and the public.

Space Operations and Science were NASAs largest expenditures in FY 2010 at $9.3 bilion and
$6.0 billion, respectively. The accompanying table provides net cost comparisons for FY 2010 and FY 2009 across
the four major initiatives.

Cost by Research and Development and Other Initiatives
(In Millions of Dollars)

R&D/Other Initiatives Audited 2010 Unaudited 2009 % Change
Aeronautics Research
Gross Costs $ 816 $ 828 -1%
Less: Earned Revenue 119 113 5%
Net Costs 697 715 -3%

Exploration Systems

Gross Costs 5,360 5,153 4%

Less: Earned Revenue 62 33 88%

Net Costs 5,298 5,120 3%
Science

Gross Costs 6,697 6,606 1%

Less: Earned Revenue 649 616 5%

Net Costs 6,048 5,990 1%

Space Operations

Gross Costs 9,694 11,070 -12%

Less: Earned Revenue 429 428 0%

Net Costs 9,265 10,642 -13%
Net Cost of Operations

Gross Costs 22,567 23,657 -5%

Less: Earned Revenue 1,269 1,190 6%

Net Costs $ 21,308 $ 22,467 -5%

A significant portion of the decrease in net costs relates to general costs for goods and services used in opera-
tions across NASA programs, with the majority for the ISS. Remaining costs are allocated to R&D/other initiatives.

Aeronautics Research net costs decreased $18 million or three percent in FY 2010. Significant progress was
made towards implementing the Next Generation Air Transportation System (NextGen), which is intended to yield
revolutionary concepts, capabilities and technologies that will enable improvements in air vehicles and air traffic
management.



Exploration Systems net cost was $178 million or three percent higher in FY 2010 primarily due to activity in
the Constellation Program. In 2010, the Agency moved forward on existing program initiatives primarily focused
on the Orion Crew Exploration Vehicle and the Ares 1 projects. The Orion crew exploration vehicle took shape
as the two halves of the crew module were fused together. New efforts were taken to design, build and test the
next generation human spacecraft Orion, including the construction of a crew module that will be used in flight-like
environment testing on the ground. The Ares 1 project completed the first stage avionics, upper stage roll control
systems and the launching for the Ares 1-X flight test.

Science net cost increased $58 million in FY 2010. This change of one percent primarily reflects planned accel-
eration of Earth Science, Decadal Survey Tier-1 missions, Soil Moisture Active-Passive, Ice, Cloud and Land Eleva-
tion Satellite 2, and the addition of a thermal infrared instrument to the Landsat Data Continuity Mission (LDCM), as
well as planned fluctuation of costs for various other missions.

Space Operations net cost decreased $1.4 billion or thirteen percent in FY 2010. This is primarily due to
the reduction of ISS and SS assets in late FY 2009 which resulted in lower depreciation. All SS missions will be
completed by the end of FY 2011, after which the SS orbiters are scheduled to be retired. Space Operations com-
pleted activities to sustain engineering support and provide vehicle replacement spare parts, which will be essential
once the Shuttle orbiters have been retired as there will not be return or repair capability. Space Operations also
made significant progress on the Tracking and Data Relay Satellite (TDRS) Replenishment project to replenish the
aging fleet of communications spacecraft in the space network.

Sources of Funding

NASA receives funds to support its operations primarily through congressional appropriations. NASA's total
budgetary resources during FY 2010 totaled $21.5 billion, of which $1.3 billion is the unobligated balance brought
forward from FY 2009. NASA's budgetary funding and use of funds is summarized in the table below.

Budgetary Resources
(In Millions of Dollars)

Line Item Audited 2010 Unaudited 2009 % Change
New Budget Authority 18,725 17,784 5%
American Recovery and Reinvestment Act 4 1,050 -100%
Unobligated Balance Brought Forward 1,320 994 33%
Other Resources 1,460 1,673 -13%
Total Budgetary Resources 21,509 21,501 0%
Total Obligations Incurred 20,894 20,181 4%
Total Unobligated 615 1,320 -53%

New Budget Authority which represents eighty-seven percent of NASA's total budgetary resources during FY
2010, was provided by Congress primarily through two-year appropriations. In FY 2010, the Agency’s appropria-
tions increased by $941 million. NASA received $1,050 million of Recovery Act funding in fiscal year 2009 ($1,002
million Direct Appropriation and $48 million Reimbursable Authority), all of which has been obligated on projects
to support the Nation’s economic recovery and advance NASA's research mission. The Agency received an addi-
tional $4 million in Reimbursable Authority in FY 2010. NASA has completed all awards of Science, Exploration,
Aeronautics, and Cross-Agency contracts and cooperative agreement proposals in accordance with applicable
Program Plans and Recovery Act provisions, and almost seventy percent of funds appropriated have been dis-
bursed for those projects. The Agency’s progress on Recovery Act objectives is detailed in the table below. Details
on NASA's progress are available at the following Web sites: http.//www.nasa.gov/recovery/index.html and http.//
www.nasa.gov/pdf/486292main_main_NASA_Weekly_and_Activity_Report_20100930.pdf.
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Operation

Science

$400

American Recovery and Reinvestment Act of 2009
(In Millions of Dollars)

ARRA Objectives

To accelerate the development
of the Tier 1 set of Earth Sci-
ence climate research missions
recommended by the National
Academies Decadal Survey.

To increase the Agency’s super-
computing capabilities.
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$400

$309

Major Completed Actions

$325 million of Recovery Act funds were applied to the Earth
Science Program to conduct breakthrough research to advance
fundamental knowledge on the most important scientific questions
on the global and regional integrated Earth system. Activities
encompass the global atmosphere; the global oceans including sea
ice; land surfaces including snow and ice; ecosystems; and interac-
tions between the atmosphere, oceans, land, and ecosystems. A
balanced investment was made between all of the elements of the
overall NASA Earth Science Program, including the spaceflight mis-
sions, technology development, research and analysis, and science
applications.

Recovery Act funds were used to accelerate the implementation

of the recommendations of the National Research Council’s Earth
Science and Applications Decadal Survey (2007). This includes
rapid deployment of a suite of Earth-observing satellites to leverage
existing missions and provide cutting-edge measurements of key
parameters relevant to climate change while preserving the balance
discussed in the paragraph above.

NASA also expended $75 million on the James Webb Space
Telescope, within the Astrophysics Program, to maintain current
workforce levels and increase the likelihood that it will launch on
the planned date. Recovery Act funds were applied to spacecraft
development activities including design and fabrication of key
component systems. This important observatory will examine every
phase of cosmic history: from the first luminous glows after the big
bang to the formation of galaxies, stars, and planets to the evolu-
tion of our own solar system.

Exploration
Systems

$400

Fund planned mission develop-
ment activities that could contrib-
ute to future exploration.

Stimulate efforts within the
private sector to develop and
demonstrate human spaceflight
capability.

$400

$304

NASA invested $400M in Recovery Act funding for Exploration
programs including the Constellation Systems Program, the Com-
mercial Crew and Cargo Program, and the Dual Use Initiative.

Each project had a uniquely identified scope of work to be com-
pleted during the FY 2009-2010 fiscal years. The Constellation
Program used Recovery Act funds to supplement and enhance

the planned scope of work efforts. NASA's Commercial Crew and
Cargo Program (C3PO) invested financial and technical resources
within the private sector to develop and demonstrate safe, reliable,
and cost-effective space transportation capabilities to and from low
Earth orbit (LEO). This investment of ARRA funds, allowed for the
performance of risk reduction tasks for potential commercial crew
capabilities.

The Dual Use Initiatives used ARRA funds to accelerate develop-
ment of a docking system to be used on the ISS, to enable dock-
ings of various spacecraft vehicles. These funds also stimulated
efforts within the private sector that will benefit dual use (govern-
ment/commercial) launch site and test infrastructure, to provide
long term benefits to the nation’s launch vehicle development and
services infrastructure.

Aeronautics
Research

$150

To undertake systems-level
research, development and dem-
onstration activities related to:

- Aviation safety

- Environmental impact mitigation
- The Next Generation Air Trans-
portation System (NextGen).

$150

$30

NASA invested $150 million of Recovery Act funds, into the existing
Aeronautics Research Program, to enhance and expand the fidelity
of current foundational research activities; ensure the availability

of aeronautical test facilities; and conduct integrated system level
research activities supporting NextGen.

NASA's Aeronautics Research Program is comprised of four
programs: Airspace Systems, Fundamental Aeronautics, Aviation
Safety, and Aeronautics Test. Research in all programs was accel-
erated and enhanced through Recovery funds. Numerous awards
were made across industry, academia and to non-profits to acceler-
ate research in advanced aircraft technologies and systems, aircraft
safety, fuel efficiency, and the Next Generation Air Transportation
System. This research will lead to a safer, more environmentally
friendly, and more efficient national air transportation system.
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Cross
Agency
Support

$50

ARRA Objectives

Reimbursable funds to meet
different agency’s Recovery Act
objectives.
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Major Completed Actions

These funds addressed needed repairs of facilities important to
NASA's human spaceflight missions, at the Johnson Space Center
in Houston, Texas. Repairs were conducted on roofs on more than
20 buildings, exterior panels on 36 different buildings, and loggia
ledges on 11 buildings. Added to these repairs, approximately
2360 windows, 100+ street/parking/sidewalk lights, and greater
than 200,000 linear feet (nearly 40 miles!) of caulking was replaced.
Over 1,000,000 sq ft (over 23 acresl!) of building panels were
cleaned and waterproofed. To complete this work, more than 85
percent of the new contracts were awarded to 8(a) companies.

Cross
Agency
Support

$52

Reimbursable funds to meet
different agency’s Recovery Act
objectives.

$52

$28

Other federal agencies, including the National Oceanic and Atmo-
spheric Administration (NOAA) and the Department of Energy (DOE)
provided NASA with reimbursable funds to meet the goals of their
Recovery Act activities. Of note the NOAA-provided funds were
awarded for development of climate sensors.

Inspector
General

$2

To provide oversight of NASA's
implementation and execution of
the Recovery Act and the require-
ments of the Office of Manage-
ment and Budget’s implementing
guidance.

NASA's Office of Inspector General (OIG) continues to monitor the
Agency’s compliance with the accountability and transparency pro-
visions of the Recovery Act and OMB’s implementing guidance. To
do this, the OIG has and continues to: 1) review NASA's processes
for controlling Recovery Act funds and awarding associated agree-
ments and contracts; and 2) review programs and projects funded
under the Recovery Act to assess cost and schedule performance,
achievement of key milestones, and compliance with OMB’s
implementing guidance. The OIG continues to identify new areas
of review in an effort to increase its oversight of NASA's Recovery
Act funding.

During this period, the OIG conducted work at four field Centers
and Headquarters and audited more than 40 contract actions and
one cooperative agreement. Further, reviews were conducted of
NASA's Recovery Act Agency and Program Plans to assess compli-
ance with OMB implementation guidance, in addition to a review

of NASA's open audit recommendations that could impact the
Agency’s successful implementation of the Recovery Act.

Total

$1,054

$1,052

$715

*The Inspector General has amounts just below the displayable threshold of a million dollars.

Other Resources include funding received for sharing NASA technology and services provided to other Fed-
eral agencies and public entities, and recoveries of budgetary resources that were obligated in a previous year.
Other Resources increased by one percent in FY 2010 primarily for work performed for other government agencies,
such as the Department of the Air Force for TDRS, the National Oceanic and Atmospheric Administration (NOAA)
for the Polar Operational Environmental Satellites (POES) and Geostationery Operational Environmental Satellite
(GOES) projects.

Obligations Incurred represents NASA's use of $20.9 billion of available budgetary resources to accomplish
the Agency’s goals within its four R&D/Other initiatives. Obligations Incurred increased by four percent between

FY 2010 and FY 2009.

Balance Sheet

Assets

Total assets as of September 30, 2010 were $18.3 billion, a decrease of $5.4 billion compared to September

30, 2009. NASA's assets are divided into four categories, as described in the table below.
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NASA Assets

(In Millions of Dollars)

Line Item Audited 2010 Unaudited 2009 % Change
Property, Plant & Equipment $ 9,635 $ 11,577 -17%
Fund Balance with Treasury 8,601 8,854 -3%
Inventory — 3,019 -100%
Other Assets 92 235 -61%
Total Assets $ 18,328 $ 23,685 -23%

NASA's largest category of assets is Property, Plant and Equipment (PP&E), which decreased seventeen
percent or $1.9 billion in FY 2010. This decrease is due to the completion of the Shuttle Program and a decrease
in the Assets Under Construction (AUC) due to the ISS nearing completion.

Fund Balance with Treasury (FBWT) which represents NASA's cash balance at the Department of Treasury,
decreased by three percent or $253 million. This change primarily represents net outlays that occurred during
FY 2010 related to Recovery Act objectives.

Inventory and Related Property historically consists of operating materials and supplies (OM&S). During
FY 2009, NASA utilized the consumption method of accounting for OM&S. However during FY 2010, the ISS con-
struction and SS contracts were concluding. As a result, the OM&S related to these contracts, which comprised
approximately eighty-eight percent of the balance, was decreasing. Given this fact as well as flexibility given to
management by the Statement of Federal Financial Accounting Standard (SFFAS) No. 3, Accounting for Inven-
tory and Related Property, management elected to adopt the purchases method of accounting which allows the
expensing of OM&S.

Other Assets includes Investments of $18 million and Accounts Receivables of $71 million in FY 2010.
Accounts Receivable decreased by $147 million due to the completion of work performed for the Department of
the Air Force TDRS and Automatic Collision Avoidance Technology (ACAT) projects.

Liabilities

Total liabilities as of September 30, 2010 were $4.3 billion, an increase of $164 million compared to September
30, 2009. The major categories of liabilities are detailed in the table below.

NASA Liabilities
(In Millions of Dollars)

Line ltem Audited 2010 Unaudited 2009 % Change
Accounts Payable $ 1,462 $ 1,384 6%
Other 1,755 1,786 -2%
Environmental and Disposal Liabilities 1,041 922 13%
Federal Employee and Veterans Benefits 55 57 -4%
Total Liabilities $ 4,313 $ 4,149 4%

Accounts Payable represents amounts owed to other entities for goods and services received. Compared
to the prior year, the FY 2010 balance increased by $78 million. This is due to an increase in obligations incurred
during the year.

Other Liabilities represents estimated contractor costs incurred but not yet paid, as well as contingent liabili-
ties for litigation claims, accrued payroll and related costs as well as NASA's liability for advances and prepayments,
which remained consistent between the years.

Environmental and Disposal Liabilities are estimated cleanup costs for actual or anticipated contamination
from waste disposal methods, leaks, spills, and other NASA activity that created, or could create, a public health
or environmental risk, and cleanup costs associated with the removal, containment, and/or disposal of hazardous



wastes or material and/or property. In FY 2010, NASA recorded an additional $119 million dollars of environmental
and disposal liabilities to reflect the estimated total cost of environmental cleanup on known hazardous conditions
bringing the total to $1,041 million which includes anticipated cleanup at disposal for Space Shuttle and PP&E.
The amount recorded in FY 2009 was $922 million. The increase is due to changes in individual project estimates
and additional liabilities from disposal-related cleanup costs for PP&E.

Federal Employee and Veteran Benefits are amounts that the Department of Labor estimates on behalf of
NASA for future worker’s compensation liabilities for current employees. The estimate for future worker’s compen-
sation benefits includes the expected liability for death, disability, medical and miscellaneous costs for approved
compensation cases, plus a component of incurred but not reported claims.

Net Position

Net Position represents the sum of Cumulative Results of Operations (CRO) and Unexpended Appropriations,
which is the current value of NASA's assets less its liabilities. During FY 2010, NASA adopted a change in account-
ing principle which reduced the beginning balance of the CRO by $3.0 billion. This change in accounting principle,
coupled with the reclassification of SS assets as well as Work-in-Process to expenses in FY 2010, caused Net
Position to decrease by $5.5 billion during FY 2010.

NASA Net Position
(In Millions of Dollars)

Line ltem Audited 2010 Unaudited 2009 % Change
Unexpended Appropriations $ 5,706 $ 6,128 -7%
Cumulative Results of Operations 8,309 13,408 -38%
Total Net Position $ 14,015 $ 19,536 -28%
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Credit: NASA

A member of the ISS Expedition 22 crew photographed the silhouette of Space Shuttle Endeavour on
February 9, 2010, as it approached the Station for docking. The orange layer is the troposphere, where
weather and clouds are typically generated and contained. This orange layer gives way to the whitish
stratosphere, then into the mesosphere, and finally the blackness of space.
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Management Assurances

Administrator’'s Statement of Assurance

November 15, 2010

NASA management is responsible for establishing and maintaining effective internal controls and financial
management systems that meet the objectives of the Federal Managers’ Financial Integrity Act (FMFIA), as well
as related laws and guidance. NASA is committed to a robust and comprehensive internal control program. We
recognize that ensuring the effective, efficient, and responsible use of the resources that have been provided to the
Agency is not only good stewardship, but also the right approach to maximizing our progress toward the realization
of our goals. Within the Agency, | have made it clear that | am responsible for establishing and maintaining a sound
system of internal control. In turn, | have made these responsibilities clear to my program management, mission
support offices, and Center management—and they have communicated this responsibility to their subordinates.
As a result, managers and employees throughout the Agency are active on a daily basis in identifying or updating
key control objectives, assessing risks, implementing controls or other mitigating strategies, conducting reviews,
and taking corrective actions as necessary.

| am very pleased to report that in FY 2010, the NASA Office of the Chief Financial Officer (OCFO) has
implemented sufficient corrective actions to resolve the one remaining FY 2009 prior year material weakness —
Asset Management: Valuing Legacy Property, Plant, and Equipment. OCFO’s extensive work in collaboration
with the Office of the Inspector General and the independent financial statement auditor confirmed that NASA’s
treatment of its legacy assets is in compliance with the Statements of Federal Financial Accounting Standards
(SFFAS) 35, Estimating the Historical Cost of General Property, Plant, and Equipment. OCFO conducted extensive
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analysis of its legacy assets and estimation methodology to demonstrate the validity of the approach in compliance
with SFFAS 35. OCFO kept the Office of the Inspector General and independent financial statement auditors fully
informed throughout FY 2010 and incorporated their input on planned activities to develop a reasonable valuation
estimate for legacy assets. OCFO met the key objectives necessary for valuing legacy assets. As a result of NASA’s
efforts and the corrective actions taken, NASA concludes that the one remaining FY 2009 prior year material
weakness is resolved.

NASA conducted its assessment of the effectiveness of internal controls over operations and compliance with
applicable laws and regulations in accordance with OMB Circular A-123, Management’s Responsibility for Internal
Control. Based on the results of this evaluation, NASA can provide reasonable assurance that its internal controls
over the effectiveness and efficiency of operations and compliance with applicable laws and regulations as of
September 30, 2010, were operating effectively and no material weaknesses were found in the design or operation
of the internal controls. NASA is also in conformance with Section 4 of FMFIA.

In addition, NASA conducted its assessment of the effectiveness of internal controls over financial reporting,
which includes safeguarding of assets and compliance with applicable laws and regulations, in accordance with
the requirements of OMB Circular A-123, Appendix A, Internal Control over Financial Reporting. OCFO follows a
risk-based approach in determining the business cycles to be assessed during the current year. During FY 2010,
the Property Management Cycle was reviewed. No new material weaknesses were identified as a result of the
work performed. Based on the results of this evaluation, NASA makes an unqualified statement of assurance
that its internal controls over financial reporting as of June 30, 2010, were operating effectively and no material
weaknesses were found in the design or operation of the internal controls over financial reporting.

In accordance with the requirements of the Federal Financial Management Improvement Act (FFMIA),
management is responsible for reporting on its implementation and maintenance of financial management systems
that substantially comply with Federal financial management systems requirements, applicable Federal accounting
standards, and the U.S. Government Standard General Ledger (SGL) at the transaction level. NASA's financial
management systems are in substantial compliance with the requirements of FFMIA as of September 30, 2010.

As stated above, | am pleased that our one remaining FY 2009 prior year material weakness was resolved
in FY 2010. In addition, NASA financial management systems are now in substantial compliance with FFMIA
requirements. NASA will continue to work to ensure that its internal control program prevents new material

weaknesses from developing.
=R

Charles F. Bolden Jr.
Administrator

Photo, previous page: Space Exploration Vehicle Rovers A and B are shown docked with the Habitat Demonstration Unit during
the Desert RATS 2010 operations at Black Point Lava Flow, Arizona. (Credit: NASA)



The Government Accountability Office
(GAO) High-Risk List

NASA has been on the GAO High-Risk List in the area of Contract Management since 1990, when the first
High-Risk List was published. In the most recent GAO update to the High-Risk List, issued in January 2009, GAO
changed the title of this High-Risk item from Contract Management to Acquisition Management, acknowledging
the broad scope of issues being addressed. As of January 2009, GAO noted that NASA has made a concerted
effort to improve and has made important advances, but added that it will take several years for the Agency to fully
implement its High-Risk initiatives.

The NASA initiatives are identified in a comprehensive Corrective Action Plan that meets Office of Management
and Budget (OMB) requirements. Successful implementation of both the plan and revised policies should stem
cost growth and schedule slippage. Additional information is available at http.//www.nasa.gov/news/budget/
index.html.
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Credit: NASA

This fall, NASA’s Ames Research Center hosted an event for all ages to celebrate the 2010 International
Observe the Moon Night. During the event, participants were able to view the Moon through telescopes
set up by members of local amateur astronomy societies.



The NASA Authorization Act of 2010, signed by the President on October 11, 2010, ended months of effort,
negotiation, and debate to decide the direction of NASA's future. NASA now has a clear direction and can begin
making plans for moving the Agency forward. There are still many details that the appropriations process will pro-
vide, but the broad guidelines are now in place. NASA is currently creating the Agency’s next Strategic Plan, due to
be unveiled in February 2011, which will articulate NASA's new Strategic Goals and direction. As part of this effort,
NASA is also working to improve the Agency’s performance management framework and how NASA measures
and reports on performance throughout the organization.

This is a wonderful time for NASA—a time of excellent opportunities to shape a promising future for the Nation’s
space program. At the same time, an incredible amount of work lies ahead. In the broadest sense, NASA's big-
gest adjustments will be how to pursue the migration to commercial access to low Earth orbit, and place the U.S.
space program on a more sustainable trajectory.

The Agency is excited at the prospect of developing multiple sources of access to space and opening up an
entirely new segment of the American economy. Even though there are still many details to be completed, about
the nature of NASA oversight and input in the commercial partnerships to be formed, NASA remains committed to
making measured progress and not rushing into anything that does not ensure safety while achieving the Agency’s
goals.

President Obama has laid out an ambitious plan for NASA that pioneers new frontiers of innovation and dis-
covery. The plan invests more in NASA; extends the life of the International Space Station; launches a commer-
cial space transportation industry; fosters the development of ground-breaking technologies; and helps create

Photo above: NASA Astronaut Leland Melvin high-fives fifth- through 12th-graders at the Minority Student Education Forum. The
forum was part of NASA’s “Summer of Innovation” initiative and the Federal “Education to Innovate” campaign to increase the
number of future scientists, mathematicians, and engineers. Early in FY 2011, Administrator Bolden named Melvin the new direc-
tor of NASA’s Office of Education. (Credit: NASA/C. Huston
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thousands of new jobs. As NASA evaluates how to build on the legacy of the Space Shuttle and Constellation
programs, the Agency will be striving to ensure that its skilled workforce has many opportunities to contribute to
these future objectives. The talented and dedicated workforce that has helped to achieve so much over more than
five decades will be crucial to the future, as well.
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NASA creates an annual performance plan for

each fiscal year to work toward achieving NASA's

Strategic Goals. The performance plan includes multi-
year Outcomes and Annual Performance Goals (APGs)
under each Strategic Goal and Sub-goal included in
NASAs Strategic Plan. This section provides detailed
information on NASAs performance on the Agency’s

FY 2010 performance plan and the cost associated with
those efforts.

NASA managers use both internal and external assessments
to determine ratings for multi-year Outcomes and APGs. Internally,
NASA monitors and analyzes each program’s adherence to budgets,
schedules, and key milestones. The managers provide these analyses during
monthly or quarterly reviews at the Center, Mission Directorate, and Agency
levels to communicate the health and performance of their programs and projects.
Based on the ratings, the managers formulate appropriate follow-up actions.

External advisors, like the NASA Advisory Council, the National Research Council, and the Aerospace Safety
Advisory Panel, assess program content and direction. Also, experts from the science community, coordinated by
NASA's Science Mission Directorate, review the Agency’s progress toward meeting performance measures under
Sub-goals 3A through 3D.

Many of the programs and projects mentioned in NASA's performance measures are either robotic or human
spaceflight missions. For more information on the missions mentioned in the PAR, please see NASA’s Missions at
a Glance, located in the Other Accompanying Information section of this document.

A Reader’s Guide to NASA’s Detailed Performance Data

NASA's detailed performance data is organized by the Strategic Goals and Sub-goals. Each Strategic Goal and
Sub-goal contains the following information.

Summary of Performance

Each Strategic Goal or Sub-goal section presents a summary of performance ratings for the multi-year Outcomes
and APGs that support the goal. It also provides the expenditures associated with those activities.
Benefits

This narrative explains the value of work toward the Strategic Goal or Sub-goal, from gains within the Agency
to benefits for academia, the public sector, and government.

Risks

Risk assessments are a regular part of NASA's review process. In this portion, NASA outlines and describes the
primary concerns facing management with respect to cost, schedule, technical, or programmatic issues as they
may affect individual missions, programs, or the Agency as a whole.

Image above: On August 30, 2010, the Geostationary Operational Environmental Satellite 13 (GOES-13) captured this image of
Hurricane Danielle heading for the north Atlantic (top center), Hurricane Earl with a visible eye hitting the Leeward Islands (left bottom),
and a developing tropical depression (lower right edge). (Credit: NASA/NOAA GOES Project)
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Performance Measure Descriptions, Ratings, and Trends

Each Outcome is a multi-year performance target designed to support the overarching Strategic Goal or Sub-
goal. The description explains the activities completed in FY 2010 to meet the Outcome. NASA assigns ratings to
these Outcomes on a yearly basis, and provides the current rating along with previous years’ ratings to show trends
in performance. While NASA rates the Outcome on a yearly basis, the rating takes into account past performance
and future work. Management uses the scale below to assign ratings to the Outcomes based on their internal and
external assessment results.

Every APG supports a multi-year Outcome. Although the APG is annual, it may be repeated several years in a
row. NASA assigns ratings to these APGs on a yearly basis, and provides the current rating along with previous
years’ ratings to show trends in performance. In some cases, an APG may support more than one Outcome, and
will be shown multiple times. Management uses the scale below to assign ratings to APGs based on their internal
and external assessment results.

For any unmet performance measure in FY 2010, NASA managers are responsible for providing a reason for not
achieving the measure and plans for reaching the measure in the future. The FY 2011 PAR will include an update
to this year’s Performance Improvement Plans, explaining activities and decisions that satisfy the plan set forth in
FY 2010.

What do the color ratings mean?

Multi-year Outcome Rating Annual Performance Goal Rating
NASA achieved most APGs under this Outcome and is | NASA achieved this APG.
Green . )
on-track to achieve or exceed this Outcome.
NASA made significant progress toward this Outcome, | NASA failed to achieve this APG, but made significant
Yellow | however, the Agency may not achieve this Outcome as | progress and anticipates achieving it during the next
stated. fiscal year.
NASA failed to achieve most of the APGs under this | NASA failed to achieve this APG and does not anticipate
Red Outcome and does not expect to achieve this Outcome | completing it within the next fiscal year.
as stated.
This Outcome was cancelled by management directive | This APG was canceled by management directive and
White or is no longer applicable based on management | NASA is no longer pursuing activities relevant to this
changes to the APGs. APG, or the program did not have activities relevant to
the APG during the fiscal year.

Trending Information

If an APG is new in FY 2010, there will be no previous ratings available. The table below explains other trending
information.

Although NASA may have conducted work in this area, management did not include a performance measure for
this work in the fiscal year’s performance plan.

None

In prior years where data is available, NASA notes the applicable Outcome or APG reference number and rating to
provide performance trends. In some cases, an APG may track to more than one performance measure in past
performance years.

Additional Information

Uniform and Efficiency Measures

NASA uses Uniform and Efficiency Measures to track the performance of management areas such as cost,
schedule, and project completion. A table provides these measures, with current and previous ratings for trending,
organized by NASA's budget Themes.

FY 2009 Performance Plan Update

The FY 2009 Performance Improvement Plan Update reports activities and progress achieved during FY 2010
to resolve unmet measures from FY 2009.



Strategic Goal 1

Fly the Shuttle as safety as
possible until its retirement,
not later than 2010.

Summary of Ratings for
Strategic Goal 1

2 Outcomes 5 APGs FY 2010
Cost of Performance

Red =0 Red =0

White =0 White =0

The Space Shuttle has supported NASA's Mission for nearly 30 years, carrying crew
and cargo to low Earth orbit, performing repair, recovery, and maintenance missions on
orbiting satellites, providing a platform for conducting science experiments, and supporting
construction of the International Space Station (ISS).

NASA has pushed back the planned retirement date for the Space Shuttle fleet until FY 2011 in order to ensure
the completion of ISS. Until then, the Agency will demonstrate NASA's most critical value, safety, by promoting
engineering excellence, maintaining realistic flight schedules, and fostering internal forums where mission risks and
benefits can be discussed and analyzed freely.

Benefits

The Space Shuttle is recognized around the world as a symbol of America’s space program, and the Nation’s
commitment to space exploration. NASA's Space Shuttle Program has inspired generations to pursue dreams
and careers in science, technology, engineering, and mathematics. The program directly benefits the Nation by
advancing national security and economic interests in space and by spurring technology development in critical
areas such as navigation, computing, materials, and communications.

Risks to Achieving Strategic Goal 1

The Space Shuttle Program faces two main challenges. First, NASA must maintain the skilled workforce and
critical assets needed to safely complete the Space Shuttle manifest. Second, NASA must manage the process of
retiring the Shuttle and transitioning or disposing of Space Shuttle assets and capabilities when they are no longer
needed for safe mission execution of the Shuttle or for other Agency use. Because of the size, complexity, and
geographic dispersion of the program’s assets, transition and retirement has required careful planning so as to not
interfere with safe mission execution and with minimal impact to other Agency activities.

In addition to the sheer size of asset disposition activities, the Agency must cost-effectively manage and protect
the Space Shuttle capabilities needed to satisfy the Agency’s goal of flying out the manifest and completing
assembly of the ISS. The program also plays a key role in coordinating the smooth transition from current Space
Shuttle operations to the next generation of exploration activities, thereby enabling new U.S. human spaceflight
capabilities that will extend exploration and permanent human presence beyond low Earth orbit.

Photo above: Space Shuttle Atlantis (STS-132) launches in a plume of smoke from NASA Kennedy Space Center on May 14, 2010.
On its last planned flight, Atlantis delivered to the ISS the Russian-built Mini Research Module-1, which will provide additional storage
space and a new docking port for Russian Soyuz and Progress spacecraft. (Credit: NASA/S. Joseph and K. O’Connell)
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Outcome 1.1: Assure the
safety and integrity of the
Space Shuttle workforce,
systems and processes, while
flying the manifest.

FY07 | FY08 | FY09 | FY 2010

Green Green Green Green y
Credit: NASA
On July 8, 2010, a crowd follows External Tank 138 as it leaves the
Michoud Assembly Facility in New Orleans and begins its trip to
the Kennedy Space Center in Florida. The last Space Shuttle tank
produced at the facility, it is destined to support the STS-134
Space Shuttle flies four successful missions to (Endeavour) launch. The day featured an event to commemorate
the International Space Station 37 years of successful tank deliveries, as well as the final external
tank’s rollout.

The Space Shuttle Program successfully
completed all mission objectives in FY 2010. NASA
safely carried out four assembly and logistics flights
to ISS; significantly enhancing the facilities and capabilities of the ISS. In preparation for Space Shuttle retirement,
Space Shuttle Atlantis completed its last planned mission in May 2010 after delivering a new Russian module,
batteries and other equipment and supplies to the ISS. During its lifetime, Atlantis flew 32 missions and traveled a
total of more than 120 million miles.

FY 2010 Annual Performance Goals FY 2010

Achieve zero Type-A (damage to property at least $1 million or death) or 7SSP1  8SSPO1 9SSP1 10SSPO1
Type-B (damage to property at least $250 thousand or permanent disability
or hospitalization of three or more persons) mishaps in FY 2010. Green Green

Green Green

Complete 100% of all mission objectives for all Space Shuttle missions 7SSP2 8SSP02 9SSP2 10SSP02

in FY 2010 as specified in the Flight Requirements Document for each
mission. Green Green Green Green




Outcome 1.2: By December 31,
2010, retire the Space Shuttle.

Fvo7 | Fvos | Fvos | Fv2010

Green Green Green Yellow

NASA prepares for Space Shuttle retirement

In FY 2010, NASA continued to prepare for the final
Space Shuttle flights in November 2010 and February
2011 by producing aqd delllverlng major Spape Shuttle This long-range view shows equipment at the Kennedy Space
hardware elements, including the last Solid Rocket Center’s Launch Pad 39B dismantling the rotating service
Boosters and External Tanks. NASA also completed structure (RSS). Crews put sand, reinforcing steel, and
the Shuttle Transition Property Assessment to identify large wooden mats under the RSS to protect the structure’s
S S ; concrete from falling debris during deconstruction. Starting

pace .huttle assets that could still be used by the in 2009, the structure at the pad was no longer needed for
Agency in the future and to transfer assets no longer NASA's Space Shuttle Program, so it is being restructured for
needed by NASA to interested organizations like future use.
museums and universities. As the Space Shuttle fleet
approaches retirement, the Agency is directing available Space Shuttle personnel, assets, and knowledge toward
the development and support of new hardware, technologies, and capabilities for human space exploration.

Credit: NASA/J. Pfaller

Why NASA is not on track to achieve Outcome 1.2 as stated: The yellow rating for Outcome 1.2 reflects
an adjusted mission schedule that postpones Shuttle retirement activities in response to an Administration policy
decision to extend Shuttle flights beyond 2010 to support the completion of the International Space Station.

Plans for achieving Outcome 1.2: Based on the extended mission schedule, NASA plans to retire the Space
Shuttle in 2011.

FY 2010 Annual Performance Goals FYO07 FY08 FY09 | FY 2010
Complete close-out and transfer plans for all remaining Space Shuttle
flight hardware elements and other major Space Shuttle property assets, 10SSP03
including the disposition plans for the Orbiters and the means by which None None None
significant gaps in human spaceflight operations capabilities will be Yellow
managed if needed to support future activities.
Complete 100% of the Transition Property Assessment for Space Shuttle 10SSP04
Program property by no later than the second quarter of FY 2010. None None None Green
With the Constellation Program, complete and deliver one workforce 10SSP05
transition strategy report update to Congress in FY 2010. None None None Yellow

Why NASA did not achieve APG 10SSP03: The Agency’s decision to extend Space Shuttle flights into 2011
and the uncertainty regarding the future of the Constellation Program caused a delay in finalizing Shuttle asset
disposition plans and resolving the human spaceflight gap.

Plans for achieving 10SSP03: Disposition plans for the Orbiters will be completed once NASA announces final
display locations. NASA plans to resolve funding gaps for human spaceflight capabilities through the FY 2012
budget development process.

Why NASA did not achieve APG 10SSP05: Development of Workforce Transition Strategy reports has been
rescheduled pending direction to the Agency following the release of the FY 2011 President’s Budget Submit, the
proposed transition of the Constellation Program, and identification of future work. In the FY 2011 budget process,
the President proposed to Congress that the Constellation Program be transitioned to a new set of programs, and
NASA adjusted its spending on the program consistent with its budget request and with the Appropriation provided
by Congress for FY 2010.

Plans for achieving 10SSP05: The plan is pending decision of the proposed transition of the Constellation
Program.
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Strategic Goal 2

Complete the International
Space Station in a manner
consistent with NASA's
International Partner
commitments and the needs
of human exploration.
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Summary of Ratings for
Strategic Goal 2

3 Outcomes 10 APGs FY 2010
Cost of Performance

Yell 0 Yell 1 (Dollars in Millions)
Red < ——pr $3,711.3
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Red =0 Red =0

White =0 White =0

Built and operated using state-of-the-art science and technology, the International Space Station (ISS) remains
a vital aspect of NASA and its program of exploration. As of September 2010, there have been over a hundred
flights to the ISS, including flights for assembly, crew rotation, and logistical support. When assembly is complete in
2011, the ISS will be composed of approximately one million pounds of hardware brought to orbit over the course
of more than a decade.

Benefits

The ISS, the largest crewed spacecraft ever built, provides an environment for developing, testing, and validating
next generation technologies and processes, which are needed to support NASA's plans to send human explorers
deeper into space. The ISS is a test bed for exploration technology and process experiments, and provides
opportunities for research in fundamental physics, biology, materials sciences, and medicine. Its equipment and
location provide a unique platform for Earth observations, microgravity research, and investigations into the long-
term effects of the space environment on human beings. Crewmembers test processes for repairing equipment
in microgravity, conducting spacewalks, and keeping systems operational over long periods of time. These
capabilities are critical to future missions beyond low Earth orbit.

The ISS Program represents an unprecedented level of international cooperation with many nations providing
the resources and technologies to build and keep the ISS operational. These international partnerships have
increased cooperation and goodwill among participating nations and will continue to serve as a model for future
space cooperation.

Risks to Achieving Strategic Goal 2

Strategic Goal 2 has two primary risks: the Space Shuttle Program'’s ability to carry out the ISS manifest and
complete assembly operations, and the continued operation of the systems that support the six-person crew
capability.

Photo above: An STS-132 crewmember aboard Atlantis took this photograph of the ISS on May 23, 2010, as the Space Shuttle
undocked and began separation on its return to Earth. (Credit: NASA)



Outcome 2.1: By 2010, complete
assembly of the U.S. On-orbit
Segment; launch International
Partner elements and sparing
items required to be launched by
the Shuttle; and provide on-orbit
resources for research to support
U.S. human space exploration.

Credit: NASA
In February 2010, Kathryn Hire, STS-130 mission specialist,
works in the newly-installed ISS Cupola. The Space Shuttle
Green Green Green Green crewmembers helped install the Cupola, a European Space
Agency-provided module that will provide clear views of activi-
ties outside the ISS and spectacular views of Earth.

FYO7 | FY08 | FY09 | FY 2010

ISS construction nearing completion

While NASA was unable to launch every piece of hardware planned for the ISS in FY 2010, a Russian research
module and EXpedite the PRocessing of Experiments to the Space Station (EXPRESS) Logistics Carriers (ELC)
were launched. Delays in the Shuttle missions driven by technical issues with the Alpha Magnetic Spectrometer
(AMS) experiment caused delays in the launch of the two remaining ELCs, AMS, and the Permanent Multipurpose
Module (PMM). The payloads are now scheduled to be launched during the first half of FY 2011.

FY 2010 Annual Performance Goals FY 2010

Based on the actual Space Shuttle flight rate, number of remaining Shuttle 71SS1 8ISS01 9ISS1 101SS01
flights, and the discussions with the International Partners, update the
agreed-to ISS assembly sequence and transportation plan as necessary. Green Green Green Green

Accomplish a minimum of 90% of the on-orbit research objectives as 71SS2 81SS02 91SS2 101SS02

established one month prior to a given increment.
P 9 Green Green Green Green

Per the final configuration agreed to by the International Partners, fly the ISS ARk 8ISS03 9ISS3 10ISS03
Yellow

elements and logistics baselined for FY 2010. Green Green Green

Provide increased ISS capability and utilization by integrating ISS elements,
payloads, and spares including the EXPRESS Logistics Carriers 1 through 8ISS04 - g /E 0
4, Cupola, Node 3, Multipurpose Pressurized Logistics Module, a COTS
demonstration, and Mini-Research Module.

101SS04
Green Yellow Green

Why NASA did not achieve APG 10ISS03: Due to technical difficulties and unforeseen delays, NASA was
unable to fly all ISS elements and logistics planned for FY 2010.

Plans for achieving 10ISS03: Consistent with an Administration policy decision, NASA has revised the Shuttle

manifest and related logistics to accommodate the delays experienced in FY 2010 and anticipates ISS completion
in FY 2011.
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Outcome 2.2: Through 2015,
provide the on-orbit capability
to support an ISS crew of 6
crewmembers.

FY07 | FY08 | FY09 | FY 2010

Green Green Green Green

Credit: NASA
Tracy Caldwell Dyson, Expedition 23 flight engineer, poses for
A bigger station, a bigger crew a photo while holding Power and Data Grapple Fixture (PDGF)
o hardware in the ISS Harmony node. PDGFs allow the robotic
NASA fully met the goal of providing support for  manipulator arm Canadarm? to attach, pick up, manipulate, and
a crew of 6 during FY 2010 as crewmembers from detach from various locations around the exterior of the ISS.

Expeditions 19 through 25 rotated to and from the ISS.

NASA also worked with its International Partners and

commercial cargo suppliers to develop plans for maintaining a crew of 6 on ISS through at least 2015. This will
be accomplished with a combination of U.S. commercial, Russian, European, and Japanese logistics missions.

NASA fully met the goal of providing support for a six-passenger crew during FY 2010 as crewmembers from
Expeditions 19 through 25 rotated to and from the ISS.

Expeditions 23 and 24 finished the laboratory, delivering additional facilities to enable full use of the International
Space Station for research, technology development, and education. With nearly 130 integrated investigations
involving the work of nearly 400 scientists around the globe; scientific throughput has quadrupled during the
transition from ISS assembly to the era of utilization.

NASA also worked with its international partners and commercial cargo suppliers to develop plans for
maintaining a six-passenger crew on ISS through at least 2015. This will be accomplished with a combination of
U.S. commercial, Russian, European, and Japanese logistics missions.

FY 2010 Annual Performance Goals

Achieve zero Type-A (damage to property at least $1 million or death) or 101SS05
Type-B (damage to property at least $250 thousand or permanent disability

or hospitalization of three or more persons) mishaps in FY 2010. Green
In concert with the International Partners, maintain a continuous crew 71SS5 8ISS06 91SS6 10I1SS07

presence on the ISS by coordinating and managing resources, logistics,

systems, and operational procedures. Green Green Green Green

10ISS08
Green

Deliver 100% of planned on-orbit resources (including power, data, crew
time, logistics, and accommodations) available to support research.




Outcome 2.3: Conduct basic and
applied biological and physical
research to advance and sustain
U.S. scientific expertise.

FY07 | FY08 | FY09 | FY 2010

Green Green Green

Credit: NASA

Expedition 23 flight engineer T.J. Creamer poses for a photo

next to the Microgravity Science Glovebox, an enclosed facility
used to conduct experiments that are messy or potentially
hazardous. The astronauts use it to conduct most of the fluid

NASA space experiments working to improve life
on Earth

dynamics and flame experiments.

In FY 2010, NASA completed and launched new experimental facilities for the ISS and used ISS facilities
and the Space Shuttle to conduct numerous scientific investigations focused on the fundamental laws governing
natural processes while also enhancing the knowledge required to prepare NASA for future space missions. Some
of the scientific investigations conducted in support of this Outcome include:

¢ The Capillary Channel Flow experiment (CCF): This experiment examined the limitations of fluid dynamics in
space and will help researchers improve a wide range of spacecraft fluid systems.

¢ The Dynamic Selection of Interface Patterns (DSIP): This experiment focused on the dynamics that lead to
uniform, reproducible three-dimensional pattern formation during the solidification of alloys. Understanding
these dynamics could improve many industrial applications that rely on pattern formation for controlling

microstructure in high temperature, high strength alloys.

¢ The Gravitational Effects on Biofilm Formation During Space Flight (Micro-2) experiment examined how
gravity alters biofilm (an aggregation of microorganisms) formation with the goal of developing new strategies
to reduce their impact on crew health and to minimize the harmful effects of biofilms on materials in space
and on Earth.

FY 2010 Annual Performance Goals

Deliver 2 out of 3 of the following exploration technology payloads to SOMD
for launch to the ISS: 1) Boiling Experiment Facility; 2) Capillary Channel
Flow, or several test vessels of the Capillary Flow Experiment-2; or 3)
Conduct the tests for the Flame Extinguishment Experiment exploration
payload on ISS.

None

8ACO1 9AC1 i [07:Yo 0} ]
Green Green Green

Conduct 3 out of 4 of the following nonexploration experiments on the

ISS: 1) Dynamical Selection of Interface Patterns; 2) Two samples from
Microstructure Formation in Castings of Technical Alloys under Diffusive

and Magnetically-Controlled Convective Conditions (MICAST)/Columnar-
Equiaxed Transition in Solidification Processing experiment; 3) Binary Critical
Aggregation Test-5; or 4) Investigating the Structures of Paramagnetic
Aggregates from Colloidal Emulsions-3.

None

10AC02
Green

None

Develop for flight two ISS/Shuttle/Free Flyer payloads: Develop the Animal

Enclosure Module for launch on the Space Shuttle, to conduct immunology
research on rodents; and develop a nano-satellite as a secondary Free Flyer
payload to conduct fundamental biological research.

None

10ACO03

Green

None
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Sub-Goal 3A

Study Earth from space
to advance scientific
understanding and meet
societal needs.

Summary of Ratings for
. Sub-Goal 3A

et AT 7 Outcomes 17 APGs FY 2010
’ N Cost of Performance

Yell 0 Yell 3 (Dollars in Millions)
e —— $2,133.6

Red =0 Red =0
White = 0 White =0

NASA has pursued its unique mission in Earth science, which is to expand human knowledge of Earth through
space activities. This mission is specifically mandated by NASA's establishing legislation, the National Aeronautics
and Space Act of 1958. Indeed, half a century of progress in spaceflight and advances in space-related technology
have steadily changed the perception of Earth. Global satellite measurements of key characteristics have given rise
to a profound new understanding of Earth as a system of interconnected parts.

NASA pioneered what is now called Earth System Science. From the vantage point of space, NASA currently
focuses on studying atmospheric composition, weather, climate variability and change, water and energy cycles,
carbon cycle and ecosystems, and Earth surface and interior. Over the past 50 years, the world’s population
has doubled, world grain supplies tripled, and total economic output grew sevenfold. NASA now observes
that expanding human activities affect half the entire land surface of Earth and are altering world atmospheric
composition, oceans, ecosystems, and ice masses.

NASA has also observed how international agreements can begin to reverse some of those trends, as in
the case of industrially produced chlorofluorocarbons. By understanding these varying processes and their
interaction, scientists can make predictions about the Earth system, quantitatively test those theories against
satellite observations, and eventually improve forecasting in order to better inform resource management decisions
and policies of governments at all levels.

Thus, fundamentally this Sub-goal answers the question: How is Earth changing and what are the consequences
for life on Earth? In January 2007, the National Research Council (NRC) released its first Earth science decadal
survey, Earth Science and Applications from Space: National Imperatives for the Next Decade and Beyond
(available online at http://www.nap.edu/catalog.php?record_id=11820). This decadal survey describes Earth
science as one of the greatest intellectual challenges facing humanity and outlines a program of scientific discovery
and development of applications that will enhance economic competitiveness, protect life and property, and assist
in the stewardship of the planet for this and future generations. NASA has embarked on the implementation of the
Decadal Survey recommendations, while continuing its critical contributions to national programs and interagency

Image above: Arctic sea ice and seasonal land cover change are shown on March 30, 2010, the day before sea ice reached its 2010
maximum extent. Sea ice coverage over the Arctic Ocean oscillates over the course of a year, growing through winter and reaching
a maximum extent by February or March. This year, Arctic sea ice grew to levels beyond those measured in recent years but slightly
below average when compared to the 30-year satellite record. (Credit: NASA/Goddard Space Flight Center Scientific Visualization
Studio)


http://www.nap.edu/catalog.php?record_id=11820

collaborations. For example, the NASA Earth Science Program is the largest contributor to the congressionally
mandated U.S. Global Change Research Program (USGCRP).

Benefits

Much of the science community’s present state of knowledge about global change, including many of the
measurements and a significant fraction of the analyses that serve as the foundation for the assessment reports
of the Intergovernmental Panel on Climate Change (IPCC) and the quadrennial ozone assessment by the World
Meteorological Organization, is derived from NASA's Earth Science Program. For example, using data from Earth
observing satellites, NASA-supported researchers are: discovering the rapidity of sea ice depletion in the Arctic cover
and ice sheet motions in the Arctic and Antarctic; quantifying short-term and long-term changes to Earth’s protective
shield of stratospheric ozone, including the positive impacts of the Montreal Protocol; establishing relationships
between increasing upper ocean temperature and decreasing primary production from the phytoplankton that form
the base of the oceans’ food chain; using a fleet of satellites flying in formation (the A-Train) to study the effects of
aerosols in the atmosphere on cloud formation and cloud cover; and using rainfall, vegetation, and other data to
help predict food shortage conditions in developing countries.

By flying satellites in the A-Train formation, NASA is capable of making unique, global, near-simultaneous
measurements of aerosols, clouds, temperature and relative humidity profiles, and radiative fluxes. Similarly, the use
of satellites, aircraft, and ground-based monitoring stations provides NASA effective calibration of new measuring
capabilities and provides unprecedented views into numerous phenomenon, such as the origin of storms. This vital
research conducted by NASA and its partners, other government agencies, academia, non-profit organizations,
industry, and international organizations helps the Nation manage environmental and agricultural resources and
prepare for natural disasters. With its operational partners, NASA applies the resulting data and knowledge with
the Agency’s operational partners to improve their decision-making in societal need areas such as public health,
aviation, water management, air quality, and energy.

NASA’s Earth Science Program also supports the development of new sensors and instruments, advanced
communications systems, and computer technologies.

Near-real-time measurements from NASA research missions, such as the Tropical Rainfall Mapping Mission
(TRMM), the Quick Scatterometer (QUkSCAT), and the Atmospheric Infrared Sounder instrument on the Aqua
mission are used routinely by the National Oceanic and Atmospheric Administration (NOAA) and other U.S. and
international agencies to improve weather forecasting. NASA works closely with NOAA and the other Federal
agencies to transition satellite research measurement capabilities to long-term operations, as appropriate.

Risks to Achieving Sub-goal 3A

The Earth Science Division, along with NASA's other Science divisions, continues to be concerned with the
increased cost and the reduced availability of expendable launch vehicle (ELV) options. Over the course of the last
decade, the Delta Il has been the workhorse for launching many robotic mid-sized spacecraft. Without this option,
NASA has access only to costlier evolved ELVs (Delta IV, Atlas V), which were designed to launch payloads larger
than planned for many of the Earth Science missions identified in the NASA Science Plan. Possible cost growth in
the evolved ELV class is an additional source of concern. These problems cannot be avoided until new commercial
launch vehicles become available, potentially reducing the cost of launching missions.
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Outcome 3A.1: Progress in
understanding and improving
predictive capability for
changes in the ozone layer,
climate forcing, and air quality
associated with changes in
atmospheric composition.

FY07 | FY08 | FY09 | FY 2010

Green Green Green Green

NASA watches an Icelandic giant awaken

OnMarch 20, 2010, Iceland’s Eyjafjallajékull volcano
(pronounced “Aya-fyatla-jo-kutl”) awakened for the
first time in 120 years, and NASA's Earth observing
satellites were watching and collecting data.

Through its fleet of satellite assets, NASA is able to
rapidly generate and broadly disseminate imagery and
data products on the location, heights, and densities of
ash plumes and related hazards. NASA demonstrated
reliable and accurate detection of volcanic ash clouds
using observations of sulfur dioxide (SO,) from the

Ozone I\/Ionitoring Instrument (OMl) onboard the NASA Iceland’s Eyjafjallajokull volcano was still streaming ash as NASA's
Aura satellite Aqua satellite flew overhead on May 9. Iceland and the volcano

are located in the top left part of this satellite image, with the ash

Sulfur dioxide is a reliable marker for fresh ash and steam trailing a brown plume as it blew in a south-southeast

. . . . direction over the Atlantic Ocean. The ash was estimated at

C|OU(.18 from exploglvg magmatlo erthlO”S’ as it heights of 30,000 feet. The brighter white color is snow and ice
provides a clear discrimination between volcanic plume on Iceland’s land surface. This and other images of Iceland’s vol-
and ordinary clouds. Since volcanic eruptions are cano are available at: http://www.nasa.gov/topics/earth/features/
essentially the only large sources of stratospheric SO,,  ¢eland-volcano-plume-archive1.html.
false alarms are non-existent. Satellite observations
of SO, thus assist operational agencies to identify and
locate volcanic ash clouds, in particular during the first few days after an eruption. In general, the ash in a volcanic
plume will drop due to gravity effects faster than the SO, so that some distance away from the volcano the ash
and SO, clouds may be separated.

w1 -
Credit: NASA/MODIS Rapid Response Team

By the end of May, considerable steam had been coming from the crater, but monitoring the eruption became
difficult because of windblown ash. NASA provided atmospheric composition data, including ash plume height
and optical depth maps from The Earth Observing System (EOS) Multi-angle Imaging SpectroRadiometer (MISR)
and Moderate Resolution Imaging Spectroradiometer (MODIS) instruments, respectively, to the international
advisory groups that feed scientific input to the European operational Volcanic Ash Advisory Center. The MISR
and MODIS, which were capable of detecting fires and the heat of lava flows, often were the only way to track the
eruptions. The Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) satellite recorded a
vertical profile of the atmosphere, which revealed the altitude of the ash clouds. NASA, in collaboration with NOAA,
provides information on volcanic SO, and ash aerosols from OMI every three hours after the data is acquired. This
information is used to supplement data from NOAA's Operational Environmental Satellites. NOAA distributes these
data online to its Volcanic Ash Advisory Centers (VAACS).

At the time of the latest eruption, SO, information was being made routinely available only for sectors covering
the Americas and the Pacific, through the Anchorage and Washington Volcanic Ash Advisory Centers (VAACS).
However, beginning on April 19, 2010, NASA began to provide this information for sectors covering Iceland and


http://www.nasa.gov/topics/earth/features/iceland-volcano-plume-archive1.html
http://www.nasa.gov/topics/earth/features/iceland-volcano-plume-archive1.html

Northwest Europe to the VAAC in London. This information is now being utilized in the formulation and validation
of Volcanic Ash Advisories over Europe. These observations helped modelers in volcanic ash advisory centers
improve forecasting models and issue more accurate warnings to pilots and others with aviation interests.

Global Hawk takes flight for atmospheric science

NASA and colleagues from the National Oceanic and Atmospheric Administration completed the first science
campaign with the new NASA Global Hawk Unmanned Aircraft System. This campaign obtained over 100 hours
of both in situ and remote sensing observations in the upper troposphere and lower stratosphere over the Pacific
Ocean, Alaska, and Arctic Ocean. The flights directly sampled and measured greenhouse gases, ozone-depleting
substances, aerosols, and constituents of air quality.

For more information on the Global Hawk Pacific campaign go to http:.//www.nasa.gov/centers/dryden/
research/GloPac/index.html.

FY 2010 Annual Performance Goals

FY08 FY 2010
Demonstrate progress in understanding and improving predictive capability

for changes in the ozone layer, climate forcing, and air quality associated 7ESS1 8ESO1 9ES1 10ES01
with changes in atmospheric composition (based on measurements from
presently orbiting NASA and non-NASA assets). Progress will be evaluated [ ihakass Green Green Green
by external expert review.

Conduct the flight program in support of this Outcome, as demonstrated by 10ES03
achieving mission success criteria for Aura. None None G

reen
Develop missions in support of this Outcome, as demonstrated by 7ESS8 8ES09 9ES3

10ES21
completing the Pre-Ship Comprehensive Performance Test for Glory. Yellow Yellow Red
Develop missions in support of this Outcome, as demonstrated by 7ESS6 8ES04 9ES2 10ES22
conducting the acquisition strategy meeting for the OCO-2 mission, defining
the implementation and acquisition approach for the reconstituted mission. | Yellow | Yellow RRcIEEY Green

Why NASA did not achieve APG 10ES21: The Glory Pre-Ship Comprehensive Performance Test began on
September 17, 2010, but was not completed until October 4, 2010. The test was delayed primarily due to
resolution of spacecraft hardware anomalies.

Plans for achieving 10ES21: The test was completed successfully on October 4, 2010.
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Outcome 3A.2: Progress in
enabling improved predictive
capability for weather and
extreme weather events.

Fvo7 | Fvos | Fyos | Fy2010

Green Green Green Green

NASA puts the power of information in users’ hands

With its partners at NOAA weather forecast offices, NASA
provides measurements from the Atmospheric Infrared
Sounder (AIRS), Cloudsat/CALIPSO, Moderate Resolution
Imaging Spectroradiometer (MODIS) and Advanced Microwave
Scanning Radiometer—Earth Observing System (AMSR-E) to
improve the skills of operational weather forecasts. Through
the Short-term Prediction Research and Transition (SPoRT)
center, NASA satellite observations are used by 15 National
Weather Service (NWS) Weather Forecast Offices (WFOs) for
severe weather forecasting.

. . Credit: NASA/J. Schmaltz, MODIS Land Rapid Response Team
SPoRT was established in 2002 to demonstrate the weather

and forecasting application of real-time EOS measurements A?'OUd'ﬁSS day_in,thefcfelfl‘”a' gnites Sgatgg fgowﬁ the
from NASA climate monitoring sensors. It has grown to be an ﬁgéfscaﬁgﬁéeiﬁgi\gu:s;l ||itgtga:;eé vertond
end-to-end research to operations activity focused on the use  Another feature often seen in fall are the numerous fires,
of advanced NASA modeling and data assimilation techniques, visible from the thin line of smoke along the left side of
now-casting, and unique high-resolution multispectral ~ the PFF‘{QtO frorlr f'r‘;s IFWE'”Q a'??g the '?r\]’_"er M_'Ss'lf' |
observational data to improve short-term weather forecasts. ~ SoP' MIVr vaiey. Falis narvest ime in fis agricuitura
. ) ) area, and the vegetation becomes dry and flammable.
SPoRT provides a suite of over 30 products, unique weather  spoRT is helping forecasters use MODIS to monitor
forecasts, and weather analyses to 15 NWS forecast offices fires and other hazards.
in the southeast U.S. The offices use the products to improve
situational awareness leading to better forecasts and warnings.

Recent activities have shown that the assimilation of AIRS radiance and profile data on a regional scale can
provide consistent improvement in understanding the thermodynamic structure of the atmosphere in data void
regions, leading to better short-term weather forecasts. A high resolution sea surface temperature composite
product derived from MODIS and AMSR-E data has been demonstrated to make improvements in the prediction of
coastal weather processes and tropical weather systems. The use of NASA observations to better model surface
conditions (e.g., fluxes of heat and moisture) in the NASA Land Information System (LIS) has produced better
regional weather forecasts. NASA data sets and advanced research capabilities are currently used by collaborating
forecast offices and the broader weather community via the Weather and Research Forecast (WRF) Environmental
Modeling System. Forecasters also benefit directly from real-time observations of low clouds and fog, snow cover
imagery, sea surface temperatures, land surface temperatures, wildfire hot spots maps, and other unique NASA
imagery and products covering regions void of more conventional data.

For more on SPoRT go to http://weather.msfc.nasa.gov/sport/.

FY 2010 Annual Performance Goals FY 2010

Demonstrate progress in enabling improved predictive capability for weather B33 8ES02 9ES7 10ES04

and extreme weather events. Progress will be evaluated by external expert
review. Green Green Green Green

Develop missions in support of this Outcome, as demonstrated by
completing the Global Precipitation Measurement (GPM) Critical Design
Review (CDR).

8ES06
Yellow

9ES8 10ES06
Yellow Green



http://weather.msfc.nasa.gov/sport/

Outcome 3A.3: Progress in R
quantifying global land cover el G ”4
change and terrestrial and marine 27 - SN
productivity, and in improving
carbon cycle and ecosystem
models.

FY07 | FY08 | FY09 | FY 2010

Green Green Green Green

NASA monitors microscopic ocean plants from
orbit

Aroundthe globe, plants are the base of the food web.
In the oceans, phytoplankton (microscopic plants) grow
in the sunlit surface waters. Places where blooms are
frequent often support thriving marine life. In FY 2010, o
scientists concluded that global ocean phytoplankton ——

. ) : , Credit: NASA/ORBIMAGE
production can only be discerned in the satellite record  The red and yellow colors in this image represent high chiorophyl
with continued, long-term data collection. concentrations in the sea’s surface waters off the northeastern

. ) coast of Canada. Chlorophyll is a primary pigment found in
The Spring phytoplanktc?n bloom IS one of the  pnytoplankton. The green hues show moderately high chioro-
most widespread changes in the oceanic biosphere, phyll concentrations, and blues represent low values. This image

beginning just north of the Sargasso Sea and Bermuda was pr.oduced using Sea-viewing Wide Field-of-view Sensor
and spreading northward toward Iceland. The best way ~ (SeaWiFS) data collected on March 28, 2003.

to view this bloom is from space, using instruments

that can discern the subtle changes in bloom color and

concentration.

Phytoplankton influence global climate by regulating gases in the atmosphere. Like all plants, phytoplankton
absorb carbon dioxide and release oxygen as they grow. When the phytoplankton die, a fraction of them sink
to the ocean floor, carrying carbon with them. Over the course of Earth’s history, the oceans have become the
primary sink for atmospheric carbon dioxide. Since carbon dioxide is a greenhouse gas (it traps heat at Earth’s
surface), Earth would be a much warmer place without phytoplankton. In some areas, phytoplankton blooms
are so abundant that their death and decomposition often robs the water of dissolved oxygen. As the plants die,
they sink to the ocean floor where bacteria consume them. There is so much plant material that the bacteria use
all of the oxygen available in the water before they finish breaking down the plants, creating a dead-zone in the
water where fish cannot survive. Anaerobic bacteria, which do not require oxygen, take over in the decomposition
process, releasing sulfur dioxide as a byproduct. The sulfur dioxide interacts with the ocean water to create solid
sulfur and hydrogen sulfide, a poisonous gas, which eventually erupts to the surface, sometimes killing fish.

With phytoplankton production playing such a vital role in ocean health and global climate, it has become
increasingly important to monitor the spring blooms. Scientists use these data to model near- and long-term
effects on the ecology. The scientists determined that the existing ocean production satellite record is sufficient to
determine that the cause of the traditional North Atlantic spring bloom of phytoplankton central to understanding
and modeling the ecology of the oceans is different than as historically understood. They used NASA data to detail
the mechanisms causing the spring bloom in the North Atlantic Ocean, a very productive and fisheries-rich area.
Through modeling efforts incorporating a range of satellite products, they improved descriptions of carbon cycling
in U.S. coastal waters and of physical mechanisms controlling the dominance of phytoplankton functional types in
the global ocean.

For more information on this story go to http.//disc.sci.gsfc.nasa.gov/oceancolor/additional/science-focus/
ocean-color/science_focus.shtmi/nab.shtml.
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FY 2010 Annual Performance Goals

Demonstrate progress in quantifying global land cover change and
terrestrial and marine productivity and in improving carbon cycle and
ecosystem models. Progress will be evaluated by external expert review.

Develop missions in support of this Outcome, as demonstrated by
completing the Landsat Data Continuity Mission (LDCM) Confirmation
Review.

FY 2010
7ESS3 8ES03 9ES10 10ES07
Green Green Green Green

9ES11 10ES08
Green Green

None None

Develop missions in support of this Outcome, as demonstrated by
conducting the acquisition strategy meeting for the OCO-2 mission, defining
the implementation and acquisition approach for the reconstituted mission.

7ESS6 8ES04 9ES2 10ES22
Yellow Yellow Green Green



Outcome 3A.4: Progress in
quantifying the key reservoirs and
fluxes in the global water cycle
and in improving models of water
cycle change and fresh water
availability.

FYo7 | Fvos | Fyos | Fy2010

Green Green Green Green

NASA creates good NEWS for Earth’s energy and
water cycle

The cycling of energy and water has obvious and
significant implications for the health and prosperity of
society. The availability and quantity of water is vital
to life on Earth and helps to tie together Earth’s lands,
oceans, and atmosphere into an integrated physical
system. The NASA Energy and Water cycle Study
(NEWS) has compiled the first-ever satellite-based
energy and water cycle climatology.

Credit: NASA/J. Allen, Earth Observatory

By the end of July 2009, California was well into its third dry year
in a row, reducing vegetation cover, as shown here in an image
made from data collected by NASA's Terra satellite. On average,
the state’s reservoirs were running low. The Westlands, reports
National Public Radio, is the United State’s biggest irrigated
region. Water pumped into the region from the Sacramento and
San Joaquin River Delta via the San Luis Reservoir supports farms
where much of the nation’s fruit, nuts, and produce are grown.
Like many other places throughout the world, California faces dif-

ficult decisions about managing its limited water resources.
The ability to predict drought and plan accordingly has become

The 10 vyear climatology includes monthly, : ,
an important tool for regional and state governments.

continental, and oceanic averages of Earth’s
precipitation, evaporation, water vapor, and radiation
balance. The radiation balance compares the amount
of solar radiation coming into the atmosphere with infrared radiation emitted from Earth’s surface, which either
passes through the atmosphere into space or is absorbed and re-emitted by greenhouse gases in the atmosphere.
This radiation balance warms the planet’s surface. This new integrated global water and energy assessment is
being used in conjunction with NASA's Modern Era Retrospective-Analysis for Research and Applications (MERRA)
reanalysis to study and improve predictions of weather and climate variability. These integrated water and energy
satellite studies also have provided insights to the mechanisms and severity of mid-western U.S. floods and
droughts, helping to mitigate future damage caused by these extremes.

More about NEWS is available at http://news.cisc.gmu.edu/.

More about MERRA is available at http://gmao.gsfc.nasa.gov/merra/.

FY 2010 Annual Performance Goals FYO08
Develop missions in support of this Outcome, as demonstrated by 8ES10 9ES4 10ES02
completing Aquarius Operational Readiness Review (ORR). None Yellow Green
Develop missions in support of this Outcome, as demonstrated by 8ES06 9ES8 10ES06
completing the Global Precipitation Measurement (GPM) Critical Design None

Yellow Yellow Green

Review (CDR).

Demonstrate progress in quantifying the key reservoirs and fluxes in the
global water cycle and in improving models of water cycle change and fresh
water availability. Progress will be evaluated by external expert review.

9ES05
Green

9ES13
Green

10ES09
Green

10ES10
Yellow

Develop missions in support of this Outcome, as demonstrated by
completing the SMAP Preliminary Design Review (PDR).

9ES14
Green
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Why NASA did not achieve APG 10ES02: Due to delays in the development of the international partner’s
Mission Operations System, the ORR was not completed in FY 2010.

Plans for achieving 10ES02: A specific date has not been identified, but NASA estimates this to be in early 2011.
However, any delays to the overall mission schedule could cause the ORR to move further.

Why NASA did not achieve APG 10ES10: The Soil Moisture Active and Passive (SMAP) mission PDR is currently
scheduled for March 2011, consistent with the schedule presented at the mission’s Initial Confirmation Review.

Plans for achieving 10ES10: Currently, all pre-cursor events (i.e., peer reviews, sub-system PDRS) are proceeding
on or ahead of plan. However, a launch vehicle has not yet been selected for SMAP, and this could impact the
scheduling of the PDR. NASA is addressing this issue, but it is not expected to be resolved until after March.

NASA in the Spotlight

NASA Deploys Planes,
Targets Satellites to Aid in
0il Spill Response

This spring when U.S. disaster response agencies needed help monitoring the Deepwater Horizon BP
oil spill in the Gulf of Mexico, NASA mobilized its many remote-sensing assets.

As part of the national response to the spill, NASA deployed its instrumented research aircraft the
Earth Resources-2 (ER-2) to the Gulf on May 6. The Agency also made extra satellite observations and
conducted additional data processing to assist the National Oceanic and Atmospheric Administration
(NOAA), the U.S. Geological Survey (USGS), and the Department of Homeland Security monitor the
spill. Researchers also measured changes in vegetation along the coastline and assessed where and
how oil was affecting marshes, swamps, bayous, and beaches that are difficult to survey on the ground.
The combination of satellite and airborne imagery helped NOAA forecast the trajectory of the oil and
document changes in the ecosystem.

For more on this story go to http://www.nasa.gov/topics/earth/features/oil_spill_er2_feature.html.

Image above: Oil from the Deepwater Horizon spill laps around the mouth of the Mississippi River delta in this May 24, 2010,
image from the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) instrument on NASA's Terra space-
craft. The oil appears silver, while vegetation is red. (Credit: J. Allen/NASA; U.S./Japan ASTER Science Team)


http://www.nasa.gov/topics/earth/features/oil_spill_er2_feature.html

Outcome 3A.5: Progress in
understanding the role of oceans,
atmosphere, and ice in the
climate system and in improving
predictive capability for its
future evolution.

Credit: NASA

On August 5, 2010, an enormous chunk of ice, roughly the
size of Manhattan, broke off the Petermann Glacier, along the
Yellow | el Green northwestern coast of Greenland, visible near the center of this
real-time image taken by NASA's Aqua satellite. The Petermann
Glacier lost about one-quarter of its 70-kilometer-long (40-miles)
floating ice shelf in a process called calving, when a large chunk
of an iceberg breaks away. Icebergs calving off the giant glacier
are not unusual—it has occasionally calved large icebergs—but
the one from August is the largest to form in the Arctic since
1962. For more on IceBridge go to: http://www.nasa.gov/
mission_pages/icebridge/index.html.

Fvo7 | Fros | Fyos | Fy2010

IceBridge finds warm waters in Greenland glacier

The Arctic Ocean is covered by a dynamic layer of sea ice that grows each winter and shrinks each summer,
reaching its yearly minimum size each fall. Between March and May 2010, NASA'’s IceBridge mission completed
a field campaign to monitor Greenland and Arctic sea ice, focusing on areas where glaciers and ice sheets have
been undergoing rapid changes and finding warm water in surprising places.

IceBridge, which is bridging the gap between NASA's Ice, Cloud and Land Elevation Satellite (ICESat) | and |I
missions, is the largest airborne survey of Earth’s polar ice ever flown. These flights are providing a yearly, multi-
instrument look at the behavior of the rapidly changing features of the Greenland and Antarctic ice. Scientists
are using the data to create an unprecedented three-dimensional view of the cryosphere, which is an integral
part of the global climate system. The melting cryosphere is a major factor in sea-level rise, which has enormous
significance to coastal populations throughout the world. During the 2010 Arctic campaign, scientists discovered
warm waters in a glacier fiord in East Greenland, and studies revealed that the waters are replenished by wind-
driven circulation. Furthermore, in West Greenland measurements of ocean currents, temperature, and salinity
suggest that submarine melt rates (the melting of ice below the waterline) are twice as high.

Both discoveries lend support to the idea that ocean warming may, along with calving, be the most important
factors in mass loss from the world’s major ice sheets. Sea ice reached its minimum extent in 2010 on September
29, when coverage dropped to 1.78 million square miles, according to scientists at the National Snow and Ice Data
Center. The extent was lower than the 2009 minimum but remained above the record minimums reached in 2007
and 2008. 2010 saw continued loss of ice from the Greenland and Arctic sea ice cover (especially from the oldest,
thickest ice), as well as from the West Antarctic ice sheets.

NASA satellites, such as Agua, and airborne surveys continue to provide important records of these changes.
They also improve understanding of the relationship between ice cover and the oceans and atmosphere, critical for
creating predictive models and for developing accurate global climate models.
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FY 2010 Annual Performance Goals FYO08 FY09 | FY 2010
Develop missions in support of this Outcome, as demonstrated by 8ES10 9ES4 10ES02
completing Aquarius Operational Readiness Review (ORR). None Yellow | el Yellow

Conduct flight programs in support of this Outcome, as demonstrated by
achieving mission success criteria for Aura. None None

10ES03
m Green
9ES15 10ES11
Green Green

Demonstrate progress in understanding the role of oceans, atmosphere,
and ice in the climate system and in improving predictive capability for its
future evolution. Progress will be evaluated by external expert review.

Develop missions in support of this Outcome, as demonstrated by 7ESS8 8ES09 9ES3 10ES21
completing the Pre-Ship Comprehensive Performance Test for Glory. Yellow

Yellow Yellow Red

Develop missions in support of this Outcome, as demonstrated by 7ESS6 SES04 9ES?2 10ES22
conducting the acquisition strategy meeting for the OCO-2 mission, defining
the implementation and acquisition approach for the reconstituted mission.

Green Green

9ES16 10ES12
Yellow Green

Why NASA did not achieve APG 10ES02: Due to delays in the development of the international partner’s
Mission Operations System, the ORR was not completed in FY 2010.

Yellow Yellow

Develop missions in support of this Outcome, as demonstrated by
completing the ICESat-l Initial Confirmation Review. None None

Plans for achieving 10ES02: A specific date has not been identified, but NASA estimates this to be in early 2011.
However, any delays to the overall mission schedule could cause the ORR to move further.

Why NASA did not achieve APG 10ES21: The Glory Pre-Ship Comprehensive Performance Test began on
September 17, 2010, but was not completed until October 4, 2010. The test was delayed primarily due to
resolution of spacecraft hardware anomalies.

Plans for achieving 10ES21: The test was completed successfully on October 4, 2010.



Outcome 3A.6: Progress

in characterizing and
understanding Earth surface
changes and variability of
Earth’s gravitational and
magnetic fields.

FYo7 | Fvos | Fvos | Fv2010

Green Green Green Green

Credit: NASA/JPL/USGS/Google
The image shows a UAVSAR interferogram of the magnitude 7.2
Baja California earthquake on April 4, 2010, overlaid atop a Google

NASA’s projects for characterizing gravitational Earth image of the region. Major fault systems are shown by red

Missions new and old prove their benefit

field d Earth’ f h h b lines, while recent aftershocks are denoted by yellow, orange, and
ields an artin's surfacé changes nave been very red dots. For more about this and other radar images, go to: http://

successful. The capabilities resulting from these  www.nasa.gov/topics/earth/features/UAVSAR20100623.html.
projects have proven useful in forecasting seismic

events on a variety of time scales. In FY 2010, NASA

has continued to invest in these capabilities for the

public benefit.

NASA has invested in the development of real-time Global Differential Global Positioning System (GDGPS)
network, both for the prediction of hazards like earthquakes and tsunamis and for navigation. GDGPS demonstrated
its value by predicting and observing the tsunami generated by the Chilean earthquake of February 27, 2010.
The subsequent observation of the tsunami by the Jason-| and -Il Earth observation satellites confirmed that the
amplitudes predicted by the system’s model were remarkably accurate.

This past year was the first full year of operations for NASA's unmanned airborne observation platform, and it
was a highly successful year. The Uninhabited Aerial Vehicle Synthetic Aperture Radar, or UAVSAR, captured the
first-ever airborne INSAR (Interferometric Synthetic Aperture Radar) measurement of ground deformation due to
an earthquake (the northern extent of the magnitude 7 earthquake in Baja California). NASA-funded investigators
also led the effort in the use of satellite INSAR observations to respond to the large earthquakes in Baja California,
Haiti, and Chile.

The Gravity Recovery and Climate Experiment (GRACE) twin spacecraft continued to provide monthly
measurements of Earth’s gravity field, helping scientists to make major advances in observing and understanding
the mass flux associated with the regional changes in gravity. Specific phenomena observed by GRACE include
mass loss in the polar ice caps, flooding events in major river basins, decadal signals associated with ground water
depletion, and ocean bottom pressure changes leading to changes in the ocean bottom currents. In June 2010,
NASA and the German Aerospace Center (DLR) signed an agreement to extend the mission through the end of its
on-orbit life, which is expected in 2015. GRACE’s monthly maps are up to 100 times more accurate than existing
maps, substantially improving the accuracy of techniques used by oceanographers, hydrologists, glaciologists,
geologists, and climate scientists.

More information on the NASA Global Differential GPS System is available at http.//www.gdgps.net/.
More information on the UAVSAR is available at http.//uavsar.jol.nasa.gov/.
More information on GRACE can be found at http.//www.csr.utexas.edu/grace/.

FY 2010 Annual Performance Goals FY09 FY 2010

Develop missions in support of this Outcome, as demonstrated by 9ES11 10ES08
completing the Landsat Data Continuity Mission (LDCM) Confirmation
Review.

Yellow Green

Demonstrate progress in characterizing and understanding Earth surface 7ESS10 8ES11 9ES17 10ES13
changes and variability of Earth’s gravitational and magnetic fields.
Progress will be evaluated by external expert review.

Green Green Green Green
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Outcome 3A.7: Progress in expanding and accelerating the realization
of societal benefits from Earth system science.

Fvo7 | Fvos | Fyos | Fy2010

Green Green Green Green

NASA Earth Science data serves the public, at home and abroad

Throughout FY10, NASA and the U.S. Agency for International Development (USAID) worked to establish the
new SERVIR-Himalaya node in Kathmandu, Nepal, which was formally inaugurated on October 5, 2010. SERVIR-
Himalaya is the third global node in the SERVIR Regional Visualization and Monitoring System, and is hosted by the
International Centre for Integrated Mountain Development. It expands the collaboration between NASA, USAID,
and their international partners to meet development challenges by “linking space to village.” Approximately
1.3 billion people depend on the ecosystem services, e.g., abundant fresh water, provided by the Himalayan
mountains, yet the region is known as Earth’s “third pole” because of its inaccessibility and the vast amount of
water stored there in the form of ice and snow SERVIR integrates Earth science data from NASA satellites with
geospatial information products from other government agencies to support and expand the International Centre
for Integrated Mountain Development’s focus on critical regional issues such as disaster management, biodiversity
conservation, trans-boundary air pollution, snow and glacier monitoring, mountain ecosysterm management, and
climate change adaptation. Since 2005, SERVIR has served the Mesoamerican region and the Dominican Republic
from the Water Center for the Humid Tropics of Latin America and the Caribbean, which is based in Panama.
SERVIR also has served East Africa since 2008, operating from the Regional Center for Mapping of Resources for
Development in Nairobi, Kenya.

For more on SERVIR go to http.//www.nasa.gov/mission_pages/servir/10-154.html.

The Natural Disasters program coordinated NASA's response to several international and national disasters
in 2010. Following the Haiti Earthquake in January 2010, NASA spaceborne and airborne instruments observed
and monitored the island. Pre-earthquake satellite imagery compared with post-earthquake imagery enabled the
detection of landslides and potential areas of unstable soils susceptible to erosion and mudslides.

After the explosion and collapse of the Deepwater Horizon oil platform on April 20, 2010, NASA contributed
its satellite and aircraft research capabilities in support of the broader national effort to respond to the oil spill in
the Gulf of Mexico. This effort continued throughout the summer and into October. NASA supplied data from
six different instruments on four research spacecraft, as well as five instruments deployed on dedicated aircraft
missions. From their vantage point in low Earth orbit, the Moderate-resolution Imaging Spectroadiometer (MODIS)
instrument observed a 2,300 kilometer wide swath of ocean surface and resolved details down to about 250
meters. These remote sensing assets collected data on the spill four times every 24 hours and provided large-
scale visible and infrared views of the slick. Data from higher resolution instruments (Advanced Spaceborne
Thermal Reflection Radiometer and the Advanced Land Imager) can show details as small as 10 meters across,
but for a much narrower swath of ocean. NASA aircraft missions over the spill supplemented the satellite data with
higher resolution imaging. The U.S. Geological Survey (USGS) and NOAA used these NASA measurements as a
key component in estimating the volume and concentration of surface oil in the Gulf of Mexico.

FY 2010 Annual Performance Goals FY08 FY 2010

Issue 12 reports with partnering organizations that validate using NASA 7ESS11 8ES12 9ES18 10ES14
research capabilities (e.g., observations and/or forecast products) could
improve their operational decision support systems. Green Green Green Green

Increase the number of distinct users of NASA data and services. 8ES13 9ES19 10ES15

Green Green Green

Maintain a high level of customer satisfaction, as measured by exceeding 8ES14 9ES20 10ES16
the most recently available federal government average rating of the
Customer Satisfaction Index. Green Green Green



http://www.nasa.gov/mission_pages/servir/10-154.html

Sub-Goal 3B

Understand the Sun
and its effects on Earth
and the solar system.

Summary of Ratings for
Sub-Goal 3B FY 2010
3 Outcomes 8 APGs Cost of Performance

(Dollars in Millions)

Yellow = 0 Yellow = 0 $1,019.9

Red =0 Red =0

White = 0 White =0

The Heliophysics Division explores the Sun’s connection with, and effects on, the
solar system to better understand the interaction between the Earth and Sun, protect
technologies at Earth, and safeguard space exploration. NASA Heliophysics missions are making
historical strides toward understanding and predicting space weather and the space environment.

The Sun’s energy output creates an immense structure of complex magnetic fields and winds, known as the
heliosphere, which stretches far beyond the orbit of Pluto. Using a group of robotic science spacecraft to form an
extended network of sensors, NASA observes solar variability and the response of Earth and other planets to such
variability. Over a dozen satellites comprise the Heliophysics System Observatory to provide unprecedented wide-
ranging coverage of the vast Sun-Earth system. The satellites provide key links to understanding the complex
interactions between the Sun and the solar system, including the first detailed measurements of the Sun’s meridional
flow, the conveyor belt-like magnetic field running from the Sun’s equator to its poles. Also observed for the first
time is the ground state of Earth’s atmosphere and ionosphere. At the same time, advances in computational
capabilities and hardware yielded complex predictive models with ever-increasing realism and closure with data.

This timely convergence of discovery and assets has enabled the Heliophysics Division to make great strides
toward understanding and predicting space weather, the space environment, and how Earth will respond to the
Sun’s activity.

Benefits

Due to an increased reliance on space-based technologies, the modern world is nhow more vulnerable and
sensitive to space weather and solar activity. A report issued in December 2008 by the Space Studies Board of
the U.S. National Academies addressed the impacts of space weather events on human technologies. The report,
Severe Space Weather Events: Understanding Societal and Economic Impacts (available at http.//www.nap.edu/
catalog.php?record_id=12507), estimates that the economic cost of a severe geomagnetic storm could cost the
United States up to $2 trillion during the first year, with long recovery times resulting from damage to large power
transformers and other necessary but hard-to-replace facilities.

Image above: The Solar Dynamics Observatory (SDO) watched in extreme ultraviolet light as a fairly strong active region rotated across
the center of the Sun over the course of four and a half days (July 23-27, 2010). The looping arcs above this active region were in ever
changing motion the entire time. (Credit: NASA/SDO Team)
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NASA partners with NOAA to operate a fleet of scientific satellites to observe space weather. NASA spacecraft,
equipped with space weather beacons, provide real-time science data to space weather forecasters. NASA
cooperates with other agencies to enable new knowledge in this area and to measure conditions in space critical
to both operational and scientific research.

Equally important, Earth’s local space environment provides a convenient venue for studying the plasmas
that make up most of the visible universe. Under the control of magnetic fields, plasmas organize into galactic
jets, radio filaments, supernova bubbles, accretion disks, galactic winds, stellar winds, stellar coronas, sunspots,
heliospheres, magnetospheres, and radiation belts. Studying these phenomena in Earth’s own neighborhood
gives NASA the opportunity to understand the underlying mechanics of distant astrophysical plasma systems that
are inaccessible to direct study.

Risks to Achieving Sub-Goal 3B

The Heliophysics Division, along with NASA's other Science divisions, continues to be concerned with the
increased cost and the reduced availability of expendable launch vehicle (ELV) options. Over the course of the last
decade, the Delta Il has been the workhorse for launching many robotic mid-sized spacecraft. Without this option,
NASA has access only to costlier evolved ELVs (Delta IV, Atlas V), which were designed to launch payloads larger
than planned for many of the Heliophysics missions identified in the NASA Science Plan. Possible cost growth in
the evolved ELV class is an additional source of concern. These problems cannot be avoided until new commercial
launch vehicles become available, potentially reducing the cost of launching missions.

Rising mission costs also present a risk, as the reduced mission frequency impacts the systems approach to
Heliophysics. NASA is aggressively exploring options to maintain a vital Heliophysics flight program. With the
release of the Explorer Announcement of Opportunity (AO) on November 1, 2010, the program is taking a vital step
toward maintaining an appropriate mix of small and large missions.



Outcome 3B.1: Progress in
understanding the fundamental
physical processes of the space
environment from the Sun to
Earth, to other planets, and
beyond to the interstellar
medium.

Fvo7 | Fvos | Fvos | Fv2010

Credit: UCAR
When Earth’s thermosphere contracts, and the upper regions at
the edge of space become less dense, objects in orbit experience
less drag. This means that orbital debris, including satellites that
have ceased operations, will spend a longer time in orbit, where
they can be a hazard to spacecraft in operations.

Green Green Green Green

NASA Heliophysics passes major milestones contributing to Outcome 3B.1

The Solar Dynamics Observatory (SDO) launched February 11, 2010—The observatory is returning images that
demonstrate an unprecedented capability for scientists to understand the Sun’s dynamic processes.

Magnetospheric Multiscale (MMS) completed its critical design review (CDR) and is finishing final design prior to
the start of integration and testing.

NASA completed instrument selections for the Solar Probe Plus mission.
Go to Missions At a Glance for more information on these missions.
The Sun and humankind conspire to contract the thermosphere

NASA-funded researchers are monitoring a big event in Earth’s atmosphere. High above the surface where the
atmosphere meets space, a rarefied layer of gas called the thermosphere recently collapsed and now is rebounding
again.

The collapse happened during the deep solar minimum of 2008-2009, a fact that comes as little surprise to
researchers. The thermosphere always cools and contracts when solar activity is low. In this case, however,
the magnitude of the collapse was two to three times greater than could be explained by low solar activity. This
was discovered by NASA's Coupled lon-Neutral Dynamics Investigation (CINDI) instrument, aboard the Air Force
Communication/Navigation Outage Forecast System (C/NOFS) satellite. The C/NOFS space weather mission was
designed to explore disturbances in Earth’s ionosphere that can cause disruption of navigation and communication
signals.

The thermosphere is where solar radiation makes first contact with Earth. It intercepts extreme ultraviolet
(EUV) photons from the Sun before they can reach the ground. When solar activity is high, solar EUV warms the
thermosphere, causing it to expand. When solar activity is low, it contracts. The extra contraction may have been
caused by carbon dioxide. When carbon dioxide, produced by human-related activities near the surface, gets into
the thermosphere, it acts as a coolant, shedding heat via infrared radiation. As the thermosphere rebounds, CINDI
and other spacecraft can collect important clues about how trends in global climate could alter the composition of
the thermosphere, changing its thermal properties and the way it responds to external stimuli.

For more on this story, visit http://science.nasa.gov/science-news/science-at-nasa/2010/15jul_thermosphere/.
Identifying the particle acceleration region of a solar flare

Solar flares are among the most energetic phenomena in the solar system, releasing vast amounts of energy in a
few minutes, both heating the local solar atmosphere to millions of degrees and accelerating particles to relativistic
speeds. Scientists think the release of magnetic energy is the source of energy for the flares, but they did not
know the details of the particle acceleration mechanism. Even the location of the acceleration site was under
debate, although it was generally assumed to be in the corona, the glowing plasma “atmosphere” that surrounds
the Sun. NASA's Reuven Ramaty High Energy Solar Spectroscopic Imager (RHESSI) mission and the Nobeyama
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Radioheliograph may have solved at least
part of this mystery.

Recent observations have demonstrated
the presence of high-energy electrons high
in the solar corona, in an area called “above-
the-loop-top” because it is above the region
where the post-solar flare magnetic loops
form. The observations establish that the
electron population was produced by a
mechanism that accelerates all the available
electrons, indicating in turn that the above-
the-loop-top source is the acceleration
region itself.

Additional studies are planned, in
particular with Hinode and the Solar
Dynamics Observatory, to verify these
findings. The study of particle acceleration
sources in the solar corona is crucial in
gaining an understanding of how solar flares
occur and evolve and how the vast amounts
of energy released by stars like the Sun travel
through interplanetary space and affect
planetary environments.

at their footpoints. The upwelling magnetic flux pushes through the

Credit: NASA/SDO/AIA
Earth is superimposed next to an image of a coronal loop taken by the Solar
Dynamics Observatory in March 2010 to give a sense of scale. These highly
structured and elegant loops are a direct consequence of the twisted solar
magnetic flux within the solar body. They are often found with sunspots

photosphere, the core of the Sun that appears to emit its light, exposing the

cooler plasma below.

FY 2010 Annual Performance Goals

Demonstrate progress in understanding the fundamental physical

processes of the space environment from the Sun to Earth, to other 7ESS13
planets, and beyond to the interstellar medium. Progress will be evaluated Green
by external expert review.

Develop missions in support of this Outcome, as demonstrated by 7ESS15
completing the Magnetospheric Multiscale (MMS) spacecraft Critical Design

Review (CDR). Red
Develop missions in support of this Outcome, as demonstrated by 7ESS16
completing the Geospace Radiation Belt Storm Probes Critical Design

Review (CDR). Green

Develop missions in support of this Outcome, as demonstrated by the
award of Solar Probe Plus instrument contracts.

8HEO1
Green

8HEO02

Green

8HE04

Green

Conduct the flight program in support of this Outcome, as demonstrated by
achieving mission success criteria for Hinode (Solar-B), THEMIS, and IBEX.

9HE1
Green

9HE2

Green

9HES
Green

9HES5
Green

10HEO1
Green

10HEO2

Green

10HEO3
Green

10HEO04
Green

10HEO05
Green




Outcome 3B.2: Progress in
understanding how human society,
technological systems, and

the habitability of planets are
affected by solar variability and
planetary magnetic fields.

FYO7 | FYO08 | FY09 | FY 2010

Credit: NASA
Green Green Green Green Astronauts aboard the ISS photographed these blue noctilucent
clouds in July 2008. Noctilucent clouds form on the edge of
space, 50 miles above Earth, throughout the polar summer. A
dramatic new AIM finding reveal that Earth’s lower and upper
NASA Heliophysics passes major milestones atmospheres constitute a globally coupled system: Noctilucent

contributing to Outcome 3B.2 clouds in one hemisphere’s mesosphere occasionally respond
directly to wind speeds in the opposite hemisphere’s stratosphere,

Radiation Belt Storm Probes (RBSP) mission has  more than 12,400 miles away. This global scale coupling takes
completed its critical design review (CDR) and has been  Place through wave interactions that have become the focus of
into i - . intense study.
approved to proceed into implementation activities. IS s

Go to Missions At a Glance for more information on
this mission.

Ice clouds near the edge of space

The genesis of beautiful, wispy noctilucent (night-shining) clouds has been an ongoing mystery. First noticed
in the late 19th century, people had to go to places like Scandinavia, Siberia, and Scotland to see them. In
recent years, however, they have been sighted from mid-latitudes like Colorado and Utah. Researchers began to
wonder if their origin and migration is connected with climate change. NASA's Aeronomy of Ice in the Mesosphere
(AIM) mission has provided major advances in understanding the relationship between noctilucent clouds and the
environment in which they form.

AIM has revealed the sudden response of cloud formation to temperature excursions below the frost point,
much like the turning on of a geophysical light bulb. Cloud brightness and occurrence respond dramatically to
even very small changes in the surrounding temperature. Moreover, AIM has confirmed that it is the change in
temperature, as opposed to a change in the abundance of the background water vapor that controls the seasonal
onset of cloud formation. However, water vapor does appear to play an important role in governing the subsequent
behavior of the clouds, because its availability limits the amount of ice that can be formed.

The AIM scientists also have been able to show that when they know the mesospheric temperature and water
vapor abundances, they can model a number of important features of the clouds, and from this develop a predictive
capability. NASA has extended AlM’s mission, which began with its 2007 launch, to 2012. The science team
believes that with additional data they can find out why the clouds first appeared in the late 1800s, why they are
spreading, and if they are connected to human activity or some other process.

For more on this story go to http://science.nasa.gov/science-news/science-at-nasa/2008/25aug_nlc/.
Mapping the solar system’s protective “bubble”

NASA's Interstellar Boundary Explorer (IBEX) has provided the first global views of the protective boundary,
called the heliosphere, that surrounds the solar system and shields it from the harmful radiation in the galactic
medium. The data reveal that conditions at the edge of the solar system may be much more dynamic than
previously thought.

The maps are made by collecting particles known as energetic neutral atoms (ENAs), which are created by the
collisions of solar wind particles with the in-flowing interstellar gas. The maps show a remarkably bright and narrow
“ribbon” of ENAs not predicted by any model or theory. The observations indicate a blunt termination shock (a
bubble-shaped area where the solar wind is slowed by pressure from gas outside the solar system) that is wide in
longitude and flattened latitudinally. Scientists are still debating the origin of this ribbon, but it appears to show the
imprint of the galactic magnetic field, which shapes and controls the global heliosphere.
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Meanwhile, the two Voyager missions
continue making direct samples of the
most distant plasmas ever measured. For
example, scientists expected the supersonic
solar wind to be abruptly slowed when
encountering the solar system’s interface
with the intergalactic wind, forming a
termination shock. However, Voyager 2 has
discovered that ions in the solar wind bounce
back and forth across the shock formation,
slowly gaining speed as they drain energy
from the supersonic wind. So many ions
were extracting energy from the solar wind,
in fact, that the solar wind had slowed by
20 peroent before the final shock boundary, Credit: IBEX Team/Goddard Scientific Visualization Studio/ESA
resulting in a weaker shock than expected. The ribbon observed by IBEX is a narrow bright feature that spans much of the

. : nighttime sky linking together the summer constellation of Cygnus, the swan,
These results show that the I,meraCtlon Aquila, the eagle, the center of the Milky Way galaxy, Ursa Major and Ursa
between the solar system and the interstellar Minor.

medium has remarkable structure and

dynamics. The results have already changed

scientists’ understanding about the solar system’s home in the galaxy, how galactic cosmic rays reach Earth, and
how the environments surrounding other stars may or may not influence the possibility of the existence of habitable
planets in other solar systems.

For more on IBEX's story, visit http://science.nasa.gov/science-news/science-at-nasa/2009/150ct_ibex/.
For more on the Voyagers’ interstellar mission go to http://voyager.jpl.nasa.gov/.

FY 2010 Annual Performance Goals FY 2010

Develop missions in support of this Outcome, as demonstrated by 7ESS15 8SHEO02 9HE2 10HEO02
completing the Magnetospheric Multiscale (MMS) spacecraft Critical Design

Review (CDR). Red Green Green Green
Develop missions in support of this Outcome, as demonstrated by 7ESS16 SHEO04 9HE3 10HEO3
completing the Geospace Radiation Belt Storm Probes Critical Design

Review (CDR). Green Green Green Green

Develop missions in support of this Outcome, as demonstrated by the 10HEO4
award of Solar Probe Plus instrument contracts. Green

Demonstrate progress in understanding how human society, technological
systems, and the habitability of planets are affected by solar variability and ~ [RUASEEAEAERL 1 =0 <) 9HE6  10HEO06
planetary magnetic fields. Progress will be evaluated by external expert Green Green Green Green

review.

Conduct the flight program in support of this Outcome, as demonstrated by 9HE7 10HEO7
achieving mission success criteria for THEMIS. Green Green



http://science.nasa.gov/science-news/science-at-nasa/2009/15oct_ibex/
http://voyager.jpl.nasa.gov/

Outcome 3B.3: Progress in
developing the capability to - Conveyor
predict the extreme and dynamic Q Sl
conditions in space in order ur
to maximize the safety and
productivity of human and i
robotic explorers. |

Fvo7 | Fvos | Fvos | Fv2010

Green Green Green Green

Credit: NASA

. . . . . . The meridial flow is like a conveyor belt—a massive
NASA Heliophysics passes major milestone contributing circulating current of fire (hot plasma) within the Sun. It
to Outcome 3B.3 has two branches, north and south, each taking about

) o ) 40 years to complete one circuit. Researchers believe
SDO launched February 11, 2010—The first Living with the turning of the belt controls the sunspot cycle. The
issi top of the belt skims the surface of the Sun, sweeping
a Star (LWS) mission and the newest component of the . '
Heliosphysics Great Observatory, SDO has a downlink  UP magnetic elements and carrying them toward the
) . . poles. SOHO is able to track those magnetic ele-
data rate of 1..5 Terabytes per day, which allpws .h|gh t|.me ments, revealing the speed of the underlying flow.
cadence, full disk images of the Sun to be obtained in multiple
wavelength bands at a maximum rate of eight to 10 images

every 10 seconds.
Go to Missions At a Glance for more information on this mission.
Understanding an unusually long solar cycle

In the outer third of the Sun, energy is transported by convective motions akin to those of water boiling in a
pot. Scientists believe the approximate 11-year solar activity cycle is driven by compact elements of magnetic field
moving through what is called the “convection zone.” New results by researchers using data from the Solar and
Heliospheric Observatory (SOHO) have found a distinctive signature that may explain why the current solar cycle
has been so long.

The researchers used a method that examines variations in the meridional flow (a poleward surface wind) of
strong magnetic field elements in the Sun’s photosphere, or the ball-shaped surface that is perceived to emit light.
SOHO took measurements of the flow pattern from 1996 to 2010, and the subsequent research shows that one
component of the surface flow velocity has remained at a nearly constant and high value throughout the recent
extended (2008 through 2009) solar minimum. These findings contradicted models that said a fast-moving flow
should speed up sunspot production. The models suggest that the flow sweeps up magnetic fields from the Sun’s
surface and drags them down to the inner dynamo. There the fields are amplified to form the underpinnings of new
sunspots. A fast-moving flow should accelerate this process.

The reasons that sunspots are not forming may be found at the Sun’s poles, where data showed magnetic field
strength to be low. At the same point in the cycle for the previous solar minimum in 1996 the surface velocity of
the meridional flow would have already started to decrease in magnitude. The fact that the surface flow speed is
still high supports models that predict that faster surface flow speeds lead to weaker polar magnetic fields and,
hence, a longer solar minimum.

For more on this story, visit http://science.nasa.gov/science-news/science-at-nasa/2010/12mar_conveyorbelt/.
Advances in predicting solar eruptions

Coronal mass ejections (CMEs) are huge bubbles of gas threaded with magnetic field lines that are gjected from
the Sun over the course of several hours. CMEs disrupt the flow of the solar wind and produce disturbances that
strike Earth with sometimes catastrophic results. Observations from widely-separated spacecraft, like NASA's two
Solar Terrestrial Relations Observatory (STEREO) spacecraft, have spurred progress in the development of more
realistic and more reliable numerical models of interplanetary CMEs and solar energetic particle (SEP) events.
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Tracking CMEs and SEPs continuously from the Sun
to Earth is crucial for developing practical capability
in space weather forecasting, which has important
consequences for life and technology on the Earth and
in space.

The developments that ultimately will contribute to
predictive space-weather capabilities include: using
STEREQ’s stereoscopic viewing capability to derive
the direction and speed of CMEs, thereby improving
prediction of arrival times at Earth, where they can initiate
geomagnetic storms; using observations from NASA's
Wind spacecraft and STEREO to model how solar-wind
streams govern evolution of magnetic topology during
transit from the Sun; modeling large-scale CME-driven
shocks to predict how SEP time-intensity profiles vary
with source location and reflect structure in solar-wind
streams; and improving modeling of SEP access to
Earth’s atmosphere and effects on space systems.

Credit: NASA

A coronagraph on the STEREO A (Ahead) spacecraft caught at
least two photogenic CMEs over two days, August 7 and 8, 2010.
Although it appeared that this blast was Earth-directed, observa-
tions by other spacecraft showed that most of it was not headed
toward Earth.

For more on STEREO go to http://www.nasa.gov/
mission_pages/stereo/main/index.html.

FY 2010 Annual Performance Goals FY 2010

Develop missions in support of this Outcome, as demonstrated by 7ESS16  SHEO04 9HE3 10HEO3

completing the Geospace Radiation Belt Storm Probes Critical Design
Review (CDR). Green Green Green Green

Demonstrate progress in developing the capability to predict the extreme
and dynamic conditions in space in order to maximize the safety and 7ESS20 8HEO5  9HE8  10HE08
productivity of human and robotic explorers. Progress will be evaluated by Green Green Green Green

external expert review.



http://www.nasa.gov/mission_pages/stereo/main/index.html
http://www.nasa.gov/mission_pages/stereo/main/index.html

Sub-Goal 3C

Advance scientific knowledge
of the origin and history of
the solar system,
the potential for life
elsewhere, and the hazards
and resources present as
humans explore space.

Summary of Ratings for
Sub-Goal 3C
4 Outcomes 11 APGs FY 2010
Cost of Performance
(Dollars in Millions)

Yellow = 0 Yellow = 3 $2,032.9

Red =0 Red =0

White =0 White =0

Since humankind’s first exploratory steps into the solar system, NASA has broadened its reach with an
increasingly sophisticated series of explorers that have landed on asteroids, tasted the swirling gases of Jupiter’s
atmosphere, and collected the breath of the Sun.

In support of this Sub-goal, the Planetary Science Theme uses robotic science missions to investigate alien and
extreme environments throughout the solar system. These missions help scientists understand how the planets
of the solar system formed, what triggered the evolutionary paths that formed rocky terrestrial planets, gas giants,
and small, icy bodies, and the origin, evolution, and habitability of terrestrial bodies. The data from these missions
guide scientists in the search for life and its precursors beyond Earth and provide information to help NASA plan
future human missions into the solar system.

Benefits

NASA’s robotic science missions are paving the way for understanding the origin and evolution of the solar
system and identifying past and present habitable locations. With this knowledge, NASA is potentially enabling
human space exploration by studying and characterizing alien environments and identifying possible resources that
will enable safe and effective human missions to the Moon and beyond.

Robotic explorers gather data to help scientists understand how the planets formed, what triggered different
evolutionary paths among planets, and how Earth formed, evolved, and became habitable.

To search for evidence of life beyond Earth, scientists use this data to map zones of habitability, study the
chemistry of alien worlds, and unveil the processes that lead to conditions necessary for life.

Image above: The surface of Saturn’s moon Dione is rendered in crisp detail against a hazy, ghostly Titan. A portion of the “wispy”
terrain of Dione’s trailing hemisphere can be seen on the right. Also visible in this image are hints of atmospheric banding around Titan’s
north pole. (Credit: NASA/JPL/Space Science Institute)
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Through the Near Earth Object Observation Program, NASA identifies and categorizes asteroids and comets
that come close to Earth. Every day, a hundred tons of interplanetary particles drift down to Earth’s surface, mostly
in the form of dust particles. Approximately every 100 years, rocky or iron asteroids larger than 164 feet in diameter
impact Earth, causing damage like craters and tidal waves, and about every few hundred thousand years, an
asteroid larger than a kilometer threatens Earth. In the extremely unlikely event that such a large object threatens
to collide with Earth, NASA's goal is to provide an early identification of these hazardous objects as far in advance
(perhaps years) as possible.

Risks to Achieving Sub-Goal 3C

The supply of Plutonium-238 (Pu-238) remains a limiting factor in the exploration of the solar system. NASA has
already rescoped New Frontiers-3 due to the limited supply of the Pu-238. NASA requires Pu-238 to make power
for missions that travel too far from the Sun for solar power generation. Russia has suspended implementation of
its contract with the Department of Energy (DOE) for purchase of Russia’s remaining supplies of Pu-238. NASA
continues to explore its options with the DOE, but will require appropriation of funds for FY 2011 and FY 2012 to
keep the supply of Pu-238, and with it the Planetary Science Program, on track.



Outcome 3C.1: Progress in learning how
the Sun’s family of planets and minor
bodies originated and evolved.

FY07 | FY08 | FY09 | FY 2010

Green Green Green Green

Looking back at Mars’ watery history

As scientists explore Mars from orbiting spacecraft, landers, and rovers,
they have accumulated data showing that Mars was once a wetter planet.
Recent observations by NASA and its partners are filling in the history from
that wetter past to the present cold, desert climate.

Data from NASAs two Mars Exploration Rovers and the orbiters
Mars Odyssey and Mars Reconnaissance Orbiter (MRO), along with the
European Space Agency’s Mars Express orbiter, show that the planet had
a relatively wet environment in which rocks weathered to clay-like minerals,
and that as the climate evolved, the planet passed through a stage during
which water on or near its surface was more ephemeral and very acidic. Layers of expasadliackin the  CalsiGrater
They also revealed that this early period produced diverse mineralogy are a record of major environmental
deposits that may be evidence for ancient lakes, springs, or groundwater  changes on Mars bilions of years ago.

with salinity and acidity that changed over time. Taken by MRO, the observation shows
that clay minerals, which form under

Finding such a well-preserved geological record of ancient planetary  very wet conditions, are concentrated
change makes Mars a prime target for understanding how terrestrial planets N 1avers near the bottom of the Gale
like Earth, Mars, Venus, and Mercury evolved early in their histories. Other stacic Abovethat stfaisminerals aie

’ ’ ’ ry . y e intermixed with the clays. And at the top
MRO and Mars Express radar observations provided new indications of s a thick formation of regularly spaced
the cyclic growth of the polar ice caps. This might be analogous to Earth’s layers bearing no detectable water-
ice ages, with the ice caps growing or receding over vast timescales based ~~ related minerals. Gale is the first location

t f Dol light where a single series of layers has been
on patterns or polar sunignt. found to contain these clues in a clearly

More on the story about Mars’ wet era can be found at http://mars. ~ 9efined Seqtl’(ence from older rocks to
jpl.nasa.gov/news/whatsnew/index.cfm?FuseAction=ShowNews&New  YOUNI 0%
sID=1012.

The Moon is a watery place

i Credit: NASA/JPL-Caltech/University of Arizona

The previous concept of the Moon as a very dry destination recently shifted with the confirmation of the presence
of water in FY 2010. Observations from multiple NASA and partner missions have shown that water exists in a
variety of concentrations and geologic settings.

Observations by NASA's Moon Mineralogy Mapper (M3) instrument aboard the Indian Chandrayaan-1 spacecraft
show hydroxyl and water molecules on the surface of the Moon. These are supported by NASA's Deep Impact
spacecraft (on an extended mission called EPOXI), which has shown the entire lunar surface to be hydrated during
some portions of the day. The Deep Impact data show the water molecules forming and then dissipating. So far
the scientists have found three forms of moon water: the thin, ephemeral layer found by the M3; nearly-pure crater
ice found by NASA’'s Mini-SAR instrument aboard Chandrayaan-1; and a fluffy mix of ice crystals and dirt found by
NASA’s Lunar Crater Observation and Sensing Satellite (LCROSS), which struck water in October 2009 in a cold,
permanently dark crater at the lunar south pole. Scientists postulate that hydrogen ions from the Sun are carried
by the solar wind to the Moon, where they interact with oxygen-rich minerals in lunar soil and rock to produce the
water and hydroxyl molecules. This water is formed in the morning and then by lunar midday, heat from the Sun
causes the molecules to evaporate. The Moon also is constantly bombarded by impactors that add to the lunar
water budget. Asteroids contain hydrated minerals, and comet cores are nearly pure ice. Scientists think that
much of the crater water migrates to the poles from the Moon’s warmer, lower latitudes.

For more on this story, go to http.//science.nasa.gov/science-news/science-at-nasa/2010/18mar_moonwater/.
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A Mini-SAR radar map of the lunar north pole
shows identified impact craters. Craters
circled in green are believed to contain
significant deposits of frozen water. These
craters also are in permanent shadow.
Scientists estimate that these craters contain
over one metric ton of water.

Credit: NASA/Mini-SAR Team, LPI

FY 2010 Annual Performance Goals FY 2010

Demonstrate progress in learning how the Sun’s family of planets and minor B2 8PS01 9PSH 10PS01
bodies originated and evolved. Progress will be evaluated by external expert

review. Green Green Green Green

Develop missions in support of this Outcome, as demonstrated by 8PS03 9PS2 10PS02
completing the Juno Systems Integration Review (SIR).

Green Green Green

Develop missions in support of this Outcome, as demonstrated by 9PS3 10PS03

completing the GRAIL Critical Design Review (CDR). None Green Green

Develop missions in support of this Outcome, as demonstrated by selecting 10PS04
concept studies for the New Frontiers 3 mission. None None

Green

Develop missions in support of this Outcome, as demonstrated by selecting 10PS05
concept studies for the Discovery 12 mission. None None Yellow
Develop missions in support of this Outcome, as demonstrated by 7SSE5  8PS05 10PS06

completing the Mars Science Laboratory (MSL) flight hardware builds and
flight system assemblies.

Green Green Red Yellow

Why NASA did not achieve APG 10PS05: The acquisition timeline for the Discovery 12 mission was extended
due to the complexity of the Announcement of Opportunity, which includes the potential use of radioisotope power
systems.

Plans for achieving 10PS05: Twenty-eight proposals have been received. Selection of concept studies is
scheduled for mid-FY 2011.

Why NASA did not achieve APG 10PS06: The flight hardware build and flight system assembly of the Sample
Analysis at Mars (SAM) instrument were not completed during the designated fiscal year, due to complications in
the development of the Wide Range Pump (WRP) components of the instrument. The materials originally specified
as the primary component of a high-speed, high-performance bearing proved to be inadequate to provide the
necessary performance on the surface of Mars, and alternative bearing materials and components had to be
researched and developed.

Plans for achieving 10PS06: The development of the new bearing designs has been completed and implemented,
and the finalization of the flight hardware build has resumed. The final flight units are on schedule to be delivered
in early December 2010.



Outcome 3C.2: Progress in
understanding the processes

that determine the history and
future of habitability in the solar
system, including the origin and
evolution of Earth’s biosphere
and the character and extent of
prebiotic chemistry on Mars and
other worlds.

FY07 | FY08 | FY09 | FY 2010

Green Green Green Green

Finding a place for life on Mars

As described under Outcome 3C.1, the surface
of Mars transitioned through a period in its history
when the environment was acidic. This sort of hostile
environment would challenge both the development
of life and the preservation of trace signatures of that
life. Research using data from NASA's Mars missions
is revealing the nature of the planet’s past and what it
could mean for the development of life there.

If life once existed on Mars, evidence of that life
would have been eradicated by a planet-wide, very . By N h
acidic period. However, MRO, Mars Odyssey, and the Credit: NASA/JPL-Caltech/University of Arizona

Mar_s Exploration Rovers ObserV?d that these acidic This view of Mars, taken by MRO, shows color variations in bright
environments only occurred regionally, not globally. layered deposits on a plateau near Juventae Chasma in the Valles

For example, data from the rover Opportunity showed Marineris region of Mars. Researchers have found that these
the existence of two separated and chemicall bright layered deposits contain opaline silica and iron sulfates,

e ) i L y consistent with low-temperature, acidic aqueous alteration of
distinct  water-based envnl'onments in Meridiani weeElie meler el —er coiel wElEn:
Planum: a subsurface environment shielded from
the atmosphere with a neutral acidity balance, and a
surface environment driven to high acidity by rapid oxidation when iron in minerals was exposed to the atmosphere.
Furthermore, MRO and the rover Spirit found carbonate deposits, which would have been destroyed by acidic
conditions if acidity was globally prevalent. This is important information as Mars missions continue to search for
fossil organic chemicals and other signs of past life—geologic features resulting from less acidic environments are
the targets of choice.

More on Spirit’s discovery of a non-acidic wet period on Mars can be found at http.//marsrovers.jpl.nasa.gov/
newsroom/pressreleases/20100603a.html.

Understanding the evolution of Earth’s biosphere

Usually near-Earth asteroids are portrayed as planet killers, the massive rocks that destroy all plant and animal
life. However, NASA research during this fiscal year has shown that despite asteroid bombardments, life on Earth
has persisted. In fact, asteroids may have given early Earth some help on its way to being a living planet.

Scientists have suggested that Earth’s current supply of water was delivered by asteroids, some time after the
collision that produced the Moon (an event that would have vaporized any of the pre-existing water). However,
until recently, no measurements of water ice on asteroids had been made. In FY 2010, two research teams,
using NASA’s Infrared Telescope Facility atop Mauna Kea and the Spitzer Space Telescope, imaged asteroid 24
Themis to show that ice and organic compounds are not only present on its surface, but also widespread. The
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same two teams also picked up the telltale signatures
of water ice and complex organic solids on the surface
of asteroid 65 Cybele. Many scientists thought that
these asteroids in this part of the solar system were too
close to the Sun to carry water ice. Finding water ice
on them now, approximately 4.6 billion years after the
solar system was created, suggests that the asteroids
may have delivered much of the water and the building
blocks for life on Earth.

In FY 2010, scientists also provided clarification
about when life could have arisen on Earth and its
perseverance through tumultuous events. Based on Credit: NASA/JPL-Caltech
the geological record, scientists theorize that 3.8 to 4.1 In this artist’s concept, a narrow asteroid belt filled with rocks and
bilion years ago Earth went through a period when a dusty orbital debris circlegstar similar to the Sun. This Ibeltlmay

. . resemble the one that orbited the inner solar system during its
number of asteroids and comets came through the inner azirly history,
solar system. Called the Late Heavy Bombardment
(LHB), the impacts and near misses would have had a
profound effect on the planet’s early thermal, climatic, and biological evolution. It is difficult to imagine life existing
under such harsh conditions, but NASA-funded researchers, using detailed thermal models of Earth during the
epoch, show that under no circumstances was global sterilization on Earth reached during the bombardment.
Based on this and other ongoing studies, life’s origin on Earth could well have occurred as far back as 4.4 billion
years ago. This analysis has shown that if such an early biosphere existed, it would have survived subsequent
assaults from the LHB. Life probably arose soon after Earth formed, and has persisted here ever since.

FY 2010 Annual Performance Goals

Develop missions in support of this Outcome, as demonstrated by
completing the Juno Systems Integration Review (SIR).

8PS03 9PS2 10PS02
Green Green Green

Develop missions in support of this Outcome, as demonstrated by 8PS05 oPS4 10PS06
completing the Mars Science Laboratory (MSL) flight hardware builds and
flight system assemblies. Green Red Yellow

Demonstrate progress in understanding the processes that determine the

history and future of habitability in the solar system, including the origin and 9PS04 9PS5 10PS07
evolution of Earth’s biosphere and the character and extent of prebiotic

chemistry on Mars and other worlds. Progress will be evaluated by external Green Green Green

expert review.

Develop missions in support of this Outcome, as demonstrated by 10PS08
completing the Mars Atmosphere and Volatile Evolution Mission (MAVEN)
Preliminary Design Review (PDR). Green

Why NASA did not achieve APG 10PS06: The flight hardware build and flight system assembly of the Sample
Analysis at Mars (SAM) instrument were not completed during the designated fiscal year, due to complications in
the development of the Wide Range Pump (WRP) components of the instrument. The materials originally specified
as the primary component of a high-speed, high-performance bearing proved to be inadequate to provide the
necessary performance on the surface of Mars, and alternative bearing materials and components had to be
researched and developed.

Plans for achieving 10PS06: The development of the new bearing designs has been completed and implemented,
and the finalization of the flight hardware build has resumed. The final flight units are on schedule to be delivered
in early December 2010.



Outcome 3C.3: Progress in
identifying and investigating
past or present habitable
environments on Mars and other
worlds, and determining if there
is or ever has been life elsewhere
in the solar system.

FY07 | FY08 | FYog | FY 201 0 Credit: NASA/JPL/Space Science Institute
Dramatic plumes, both large and small, spray water ice out from
Green Green Green Green many locations along the famed “tiger stripes” near the south

pole of Saturn’s moon Enceladus. The tiger stripes are fissures
that spray icy particles, water vapor and organic compounds.
This mosaic was created from two high-resolution images taken
by NASA's Cassini spacecraft on November 21, 2009.

Where there is water, there may be life

From what is known of Earth, where there is water, there is a chance for the existence of life. So for many years
scientists have speculated that other worlds with water could support life. In 2010, there were two discoveries
that helped scientists characterize the subsurface oceans on Europa, a moon of Jupiter, and Enceladus, a moon
of Saturn.

Europa is enveloped by a global ocean about 100 miles deep, with an icy crust that may be only a few miles
thick—a thin crust for such a distant, cold moon. The surface of Europa is covered with free oxygen (meaning it is
not combined with other elements) and other oxidants that are key to life, but until recently scientists did not believe
there was an effective way to deliver the oxygen-rich material to the subsurface ocean. New research shows
that tidal forces appear to push fresh ice upward from below in a cycle that forms double ridges on at least half
of Europa’s surface. As ridges pile on top of ridges, older oxegenated material gets buried, shoving oxygen-rich
matter downward toward the liquid water. Scientists have estimated that after one or two billion years this process
could deliver enough oxygen-rich material to Europa’s ocean to reach the same concentration levels as the oceans
on Earth. This oxygen could provide the necessary environment to nurture life.

On Enceladus, plumes of material are ejected from vents on the icy surface, suggesting the presence of a
near-surface pocket of water, like cold versions of the Old Faithful geyser in Yellowstone National Park. Previously,
scientists were unable to determine if the ocean is still liquid or if it is frozen. Other moons in the solar system
usually have liquid-water oceans covered by miles of icy crust, like Europa. Using the Cassini spacecraft’s dust
detector, scientists discovered evidence of sodium salts in the ice grains comprising Enceladus’ plumes. The
discovery of these salts is strong evidence that there is a liquid subsurface ocean on Enceladus—maybe only a
hundred feet below the surface —because sodium salts would only exist if the plumes originate from liquid water.
The next step in the research is to find out if the moon has been active and wet long enough for life to have taken
hold in its interior.

More on the plumes and jets on Enceladus can be found at http.//www.nasa.gov/mission_pages/cassini/
whycassini/cassini20100223.html  and  http.//www.nasa.gov/mission_pages/cassini/media/cassini-20080814.
html.

Exploring habitable regions on Mars

NASA planned to launch a new mission, the Mars Science Laboratory (MSL), in 2009 to land on Mars and send
out what would be the largest rover to date. Difficulties in the project’s development delayed the launch to 2011.
But in this cloud has been a silver lining. During this extra time NASA has investigated potential landing sites for
MSL —ones that represent a diverse environmental history of environments that may have been (or may still be)
habitable.

The Mars Reconnaissance Orbiter (MRO) and Mars Odyssey have provided the data needed to certify the safety
and scientific potential of the final four candidate landing sites for MSL, a mission designed to assess whether Mars
ever was, or is still today, an environment able to support microbial life. Two of the sites have geology of interest
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in ancient paleolakes, the third site has horizontally
bedded clay-bearing sedimentary rocks, and the fourth
site includes clays formed during a benign environment,
which would be more conducive to life, and sulfates
formed in a younger, more acidic environment, which
likely could not have supported life.

The delay provided an opportunity to acquire the data
needed to evaluate two additional landing sites. One
site has chloride-bearing sedimentary rocks. Chloride
is part of many types of salt, which may have formed
over time as large quantities of water evaporated.
Furthermore, salt is good for preserving organic material.
The other site contains carbonates, which form in wet,
near-neutral conditions that could provide a favorable ™ i NASNL,Cahech
habitat for life. These are far more landing site options The suspension system on the rover Curiosity easily accommo-
than MSL can visit, but Mars’ diversity of past aqueous dates rolling over a ramp in this September 10, 2010, test drive

. . . inside the Spacecraft Assembly Facility at NASA's Jet Propulsion
environments provides excellent opportunities for future Laboratory. This rover, which dwarfs its predecessors, will be able

lander missions searching for life beyond Earth. to roll over larger obstacles and access a wider-variety of terrain.

More information about MSL is available at http.//
marsprogram.jpl.nasa.gov/msl/.

FY 2010 Annual Performance Goals

Develop missions in support of this Outcome, as demonstrated by
completing the Juno Systems Integration Review (SIR).

FY08

8PS03 9PS2 10PS02
Green Green Green

Develop missions in support of this Outcome, as demonstrated by 8PS05 9PS4 10PS06
completing the Mars Science Laboratory (MSL) flight hardware builds and

flight system assemblies. Green Red Yellow

Develop missions in support of this Outcome, as demonstrated by 10PS08
completing the Mars Atmosphere and Volatile Evolution Mission (MAVEN)
Preliminary Design Review (PDR). Green

Demonstrate progress in identifying and investigating past or present
habitable environments on Mars and other worlds, and determining if there 9PS8 10PS09
is or ever has been life elsewhere in the solar system. Progress will be Green Green
evaluated by external expert review.

Why NASA did not achieve APG 10PS06: The flight hardware build and flight system assembly of the Sample
Analysis at Mars (SAM) instrument were not completed during the designated fiscal year, due to complications in
the development of the Wide Range Pump (WRP) components of the instrument. The materials originally specified
as the primary component of a high-speed, high-performance bearing proved to be inadequate to provide the
necessary performance on the surface of Mars, and alternative bearing materials and components had to be
researched and developed.

Plans for achieving 10PS06: The development of the new bearing designs has been completed and implemented,
and the finalization of the flight hardware build has resumed. The final flight units are on schedule to